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SFFECT OF ULTRAVIOLET LIGHT ON OXYGEN 
CONSUMPTION AND ON TOTAL 
METABOLISM 


EDWARD H. MASON, 
MONTREAL 
AND 
HOWARD H. MASON, 


NEW YORK 


Che ettect of ultraviolet light on the physiologic functions of the cell 
. problem of fundamental importance. One of these functions is tha 


t 
cellular respiration and heat production. In this article are reported 


periments made to determine whether the total metabolism of the 
man organism is affected by maximum exposures of ultraviolet light 
mm a quartz mercury vapor lamp. 

The earlier work of K. A. Hasselbalch on animals and that of A. 


irig on man would indicate that light has little effect on the total metab- 
ism. The opinion of clinicians employing ultraviolet irradiations 
erapeutically is that this form of wave length results in a stimulating 
‘tion. However, there are few exact measurements. Harris? has 
und that the full irradiations from a quartz mercury vapor lamp are 
ithout appreciable effect on the total metabolism as judged from car- 
m dioxide production over short periods of time, while the ultraviolet 
vs alone, obtained by a filter of blue uviol glass with a transmissibility 
om 291 to 436 millimicrons, exert an early stimulant action on gaseous 
etabolism. In a series of four white rats, the carbon dioxide pro- 
luction increased appreciably during the first fifteen minutes of applica- 
on, falling to the basal level during the second fifteen minutes; 
ubsequently it fell to a little below the basal level. Approximately the 
same increase in carbon dioxide production was obtained in two light 
ray rats exposed to the filtered irradiations from an iron are (wave 
length, from 291 to 436 millimicrons). The neutralizing effect of the 
longer wave lengths on the shorter ones was observed by Mme. and 
M. V. Henri? in their studies on the slowing of protoplasmic movement 
* From the University Clinic, the Royal Victoria Hospital, Montreal. 
* This work was originated at the suggestion of H. H. Mason of New York, 
nd was carried out in Montreal. 
1. Harris, D. T.: Proc. Roy. Soc. Biol. Sc., Series B, 98:171, 1925. 
2. Henri, Mme. V., and Henri, V.: Etudes de Photochimie Biologiques, 1912 
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in unicellular organisms, and by Hill * when carrying out similar studies 
with infusoria. 

[It is well known that buckwheat (/agopyrum esculeutum) contains 
a substance, phytoporphyrin, which can photosensitize animals and 
human beings. This phenomenon has been observed most commonly 
among swine and sheep, and occasionally in cattle and goats. White 
or spotted animals are susceptible, while black ones are protected. The 
sensitization is greater if the buckwheat is eaten during the blooming 
period. The mechanism of this phenomenon is not well understood 
It would appear to be similar to that following the injection of hemato- 
porphyrin. Harris! has suggested that when hematoporphyrin is acte 
on in the superficial layers of the dermis by ultraviolet light, it form 
some derivative which is toxic, and which is transported by way of the 
circulation. Melanin in the skin protects against the contact of th 
ultraviolet light with the photosensitive substance, because it convert 
the short rays into longer ones. The theory that the toxic conversi 
product is transported throughout the body is supported by the fact that 
a white sensitized rat dies in a few minutes when exposed to suc! 
short rays (wave length, from 291 to 436 millimicrons), and that 
autopsy the main lesion is found to be pulmonary edema and hemot 
rhage 

Experiments have been performed on man in this clinic to determi 
whether the mixed rays from a quartz mercury vapor lamp have 
effect on oxygen consumption and heat production. 


METHODS 

In the earlier cases, the oxygen consumption alone was determined 
but in the majority the total metabolism was ascertained. In the forme: 
oxygen consumption alone was recorded and a Sanborn Benedict clos¢ 
circuit apparatus was used. In those in which the total metabolism w: 
determined the expired air was collected in a Douglas bag, and analyze 
in duplicate on a modified Henderson-Haldane machine. 

No attempt was made to filter off the longer wave lengths ; thus, the 
patients were exposed to a rich source of ultraviolet light mixed wit 
considerable visible light. Two lamps were used, a modern Burdicl 
and a Hanovia; both were quartz mercury vapor instruments, air cooled 
and operated at 75 volts on a direct current of 110 volts. The exposures 
were general, being given equally on the front and the back of the 
body, and were forced to the maximum dosage that the patient could 
endure. Marked erythema was produced in all cases, and in those in 
which there were repeated exposures to light extensive pigmentation 
followed. Throughout the experimental periods all the patients were 
in the hospital ward, and great care was taken that the basal state was 





3. Hill, L.: Sunshine and Open Air, London, 1924. Edward Arnold. 
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ntained throughout the determinations of metabolism. ‘The diet was 
trolled only in a case of pernicious anemia (experiment 6, chart 6), 
vhich the patient received a high iron diet. In cases in which a meta- 
sm test and a light exposure were made on the same day, the forme: 
eded the latter. In the accompanying table and charts the actual 


t dosage received was twice the amount stated, as the single dose was 


lied equally to both sides of the body. 


EXPERIMENTAL OBSERVATIONS 



















Studies have been conducted in ten cases, and eight of these patients 
shown a notable lowering of heat production [This decrease in 
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ment, and group II, persons who have an increased quantity of circu- 
ting bilirubin. 

Group I—This group includes five cases (charts 1 to 5). The 

rease in heat production varied directly as the degree of pigmentation. 

experiments 1, 2 and 3 (charts 1, 2 and 3), in which a marked skin 


mentation developed due to a prolonged course of light exposures, 
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Chart 3 (case 3).—Effect of ultraviolet light on a patient with chronic pelvic 


infection. 
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decrease in heat production varied from 13 to 16 per cent. Those 
. received only two light exposures (experiments 4 and 5, charts 
nd 5), resulting in slight pigmentation, showed less decrease of heat 


i ’ 


luction, 7.8 and 10.5 per cent, respectively. The pulse rate varied 


ctly as the level of the total metabolism. 
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Chart 5 (case 5).—Effect of ultraviolet light on patient with alveolar abscess. 














In experiments 1 and 2 (charts 1 and 2), the decreased oxygen con 


sumption persisted to a varying degree for twenty-three days after th 
it exposures were stopped. It should be noted that the light 
exposures in experiments 4 and 5 (charts 4 and 5) were at 20 inch¢ 
I 
50.8 cm.) distance, which might account for the rapidity with which 
xvgen consumption became decreased. The increased oxygen cot 
sumption, July 12 and 14 (experiment 5, chart 5), was probably due t 


the poor cooperation of the patient. 
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[wo types of cases that have an increased quantity \ 


lating bilirubin have been studied; namely, pernicious anemia an 
t ] jaundice. This group includes three subjects, one sufferi1 


+] r 


1 the former disease (experiment 6, chart 6) and two from the lat 
ter (experiments 7 and &, charts 7 and 8). In two ot the cases, exper! 


pay 1 1 


and 7, the decrease in heat production was marked, 24.1 and 


4 


24.5 per cent, respectively. In experiment 8 the decrease was 8 per cent. 
[he fall in pulse rate paralleled the lowering of the total metabolism. It 
would appear that the increased amount of circulating bilirubin rendered 
hese patients especially sensitive to ultraviolet light, for the lowering 


f heat production preceded the development of marked pigmentation. 
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Negative Results—Of the ten patients studied, it was stated that 
two failed to develop a lowered heat production after an extended period 
of light exposures. One was a boy, aged 15 years, who was convalescing 
from bilateral pleurisy with effusion. Twelve light exposures were 
given over a period of twenty-one days. Marked generalized pigmenta- 
tion developed, but no appreciable change in heat production followed. 
Before the light exposures the basal metabolic rate varied from — 0.5 to 

3.7 per cent. During the light exposure the lowest result obtained 
was 11.7 per cent, while at the end of the period the basal metabolic 
rate was — 9.4 per cent. It should be noted that the average pulse rate 
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(case 9).—Effect of ultraviolet light on patient with fibrinous pleuris) 
with effusion. (Convalescent. ) 








became much slower. The fluctuations of the patient’s total metabolism 
were considered to fall within physiologic limits. The data relating to 
this case are given in chart 9, and cover the period from April 1 to 28, 
1925. 

The other patient who failed to show a significant lowering of total 
metabolism after protracted ultraviolet light exposures was one with 
pernicious anemia. An increased amount of circulating bilirubin was 
present, as shown by a positive indirect van den Bergh reaction on the 
blood. Eight light exposures were given over a period of eighteen days. 
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Marked pigmentation did not develop. Prior to the light exposures 
the basal metabolic rate on five occasions varied from 13.1 to— 14.5 
per cent. After the exposures were started, the lowest basal metabolic 
rate, 18.6 per cent, was found on the third day. Subsequently the 
rate varied from — 5.9 to— 14.7 per cent. The results were not con- 
idered definite. In this case it is noteworthy that the average pulse 


ite did not appreciably change. The data are shown in chart 10. 


SHORT PERIOD OBSERVATIONS 
Since the metabolism determinations were made twentv-four hours 


more after the light exposures, an attempt was made to determine 
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Chart 10 (case 10).—Effect of ultraviolet light on patient with pernicious 


nemia. 


whether there was an early change in consumption of oxygen. After 
obtaining a constant metabolism on consecutive days, a maximum light 
exposure was given. This was preceded by an oxygen consumption 
determination, which was repeated one and two hours afterward. In six 
experiments of this type on four patients, there was a slight rise in the 
heat production in five instances, the maximum being reached during 
the second hour. However, the hourly variations were so slight that 
they hardly fell without the experimental error. There was no change 


in the pulse rate. These data are recorded in the accompanying table. 




































Che results in these short period observations may be contrasted with 
those reported by Harris! on rats. ‘They differ fundamentally, how 


ever, in the fact that he used filtered irradiations, exposing the rats t 


ure ultraviolet light, while we used the total rays trom a quartz mer- 


cury vapor lamp. The increase in carbon dioxide production as found 
by Harris lasted for thirty minutes only, while our experiments wert 


lucted one and two hours after the light exposures. 


NSITIZATION WITH BUCKWHEAT 


1 1 
1 + 1 t 


Since buckwheat, due to its phytoporphyrin content, 1s Capable 





ing animals and human beings, an experiment was planne 
letermine whether a normal person who failed to show a lowering « 


1 
| 


total metabolism after multiple ultraviolet light exposures woul 





w anv change in heat production after the introduction of 
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extremely high buckwheat diet. The subject reported in experiment 
9, chart 9, was chosen, as he had failed to develop a decreased total meta 
bolism after twelve light exposures and the development of extrem« 
pigmentation. 

[In chart 9 it will be seen that the high buckwheat diet was started o1 
May 19. Its total values were protein 71 Gm., fat 90 Gm. and carbo 
hydrate 310 Gm., making 2,399 calories. Of this the buckwheat alone 
accounted for protein 10 Gm., fat 3 Gm. and carbohydrate 107 Gm 
The marked pigmentation that had developed by April 28 persisted. 
Ultraviolet light exposures were reinstituted on May 25. Subsequently, 
there was a definite fall in the total metabolism, the maximum lowering 
being obtained on the twenty-fifth day after the buckwheat diet was 
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Case 7.—A man, aged 29, had catarrhal jaundice. The visible jaundice was 
moderate, and there was a little bile pigment in the urine. The red blood cells 
totaled 5,350,000; the hemoglobin content was 85 per cent. The temperature was 
normal Satisfactory standardization was not accomplished before the light 
exposures were started. The definite lowering in the oxygen consumption associated 


with a slower pulse rate after the second light exposure should be noted. Pigmet 
tation was just commencing. We were unable to continue the work further 


Case 8.—A man, aged 24, had catarrhal jaundice, with bile pigment in the 


Irine The van den Bergh test on the blood gave a positive direct and indirect 
-eaction The blood cells totaled 4,550,000; the hemoglobin content was 90 per 
cent The temperature was normal. The results show a moderate decrease 

the basal metabolic rate without any change in the pulse rate. The pigmentatio! 


m the light exposures was definite 

Cast 9.—A boy, aged 15, had fibrinous pleurisy with effusion, bilateral (cot 
valescent ) The temperature was normal, and jaundice was not present. Ait 
twelve light exposures, there was no significant decrease in the total metabolis: 
ut the pulse rate was definitely slower. The pigmentation was definite. On Ma 
19, the diet high in buckwheat values was started. Light exposures were reinst 
tuted on May 25, with a subsequent fall in the basal metabolic rate to mu 


21 per cent. There was no further change in the pulse rate 
Case 10—A man, aged 36, had pernicious anemia. The van den Bergh test 
he blood gave a negative direct and a faintly positive indirect reaction. The 


vas no bile pigment in the urine. After eight light exposures, there was 


t ] 1 } 


ignificant decrease in the basal metabolic rate, and the pulse rate remain 
ged. Pigmentation was moderate aiter the light exposures 


COM MENT 


Che results reported show that the rays trom a quartz mercury 
vapor lamp are capable of causing an appreciable reduction in the tot 
metabolism in certain persons. This physiologic action 1s more pr 
nounced when there is an excess of bilirubin circulating in the blo 
stream. The same phenomenon has been produced by an excessive col 


lue to absorption « 


sumption of buckwheat, presumably « f phytopor 
phyrin. If Harris’ theory of the mechanism of sensitization of an a1 
mal rendered photosensitive is correct, one would expect that the mark« 
skin pigmentation that was present would have neutralized the effect 
the ultraviolet light. It might be that phytoporphyrin acted in the sam« 
way as bilirubin; in support of this theory is the fact that both art 
Huorescent substances. In persons in whom these materials have not 
been present a more marked pigmentation of the skin has been essen 
tial in obtaining a lowering of the total metabolism, and in such instances 
the decrease has not been as marked. This lowering of the metabolism 
is not transitory. 

The most logical explanation of this phenomenon from known facts 
depends on our knowledge of the action of melanin in the skin. It has 
been observed by Harris * that by raising the external temperature there 
is a greater drop in the carbon dioxide production over short time 
experiments in black rats than in white ones. The same observation 
was obtained in rats exposed to the total rays from a quartz mercury 
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por lamp and from pure ultraviolet rays alone (wave length, trom 
01 to 436 millimicrons). In the latter cases, the extra lowering due 
pigment amounted to 16.8 and 16.3 per cent, respectively. Harris also 
is proved that pigment causes the skin to become hotter at a given 
sternal temperature. Apparently melanin is able to degrade the ultra 
let rays into heat rays. Thus, by supplying heat from solar energy 
the tissues, the subject’s oxygen consumption falls 

this theory is supported by the fact that melanin is a fluorescent 
bstance, and plant physiologists have found that such substances can 
vert short into longer light waves. It is probable that bilirubin and 
ytoporphyrin act in the same manner. further, the most marked 
vering of oxygen consumption in cases in which abnormal fluorescent 
stances are absent depends on an abundant pigmentation of the skin 

CONCLUSIONS 

Ultraviolet light from a quartz mercury vapor lamp is capable 
vering the total metabolism of certain persons. Its effect is most 
rked when there is an increased amount of bilirubin circulating in 
blood stream. 

Buckwheat, probably through the medium of phytoporphyrin, can 
duce a fall in total metabolism after ultraviolet light exposure. 
Radiant energy is most likely a new factor in the control of our level 


total metabolism. 























CARBOHYDRATE TOLERANCE IN NORMAL PER- 
SONS AND IN NONDIABETIC PATIENTS 


ALBERT H. ROWE, M.D 
AND 
LOBART ROGERS, M.D. 


YAKLAND, CALIF. 


] ] 


Since the pioneer work of Jacobsen‘ in studying the fluctuations 
od sugar levels tollowing various types of meals, the general subjec 
carbohydrate metabolism has been the subject of many investigations 
We shall not here attempt a proper consideration and evaluation 
ry published research and clinical comment, since there are a numb: 
rticles in which this service has been attempted, and a reference 
e important features of these may for the present suffice. 


lhe article of Folin and Berglund ? contains an excellent review « 


general subject of carbohydrate metabolism from the point of vie. 
| yhysiologic chemist. These authors conclude that the concej 


renal threshold is absolutely true. They feel that the ‘‘glycuresis 


s 
=n 


by Benedict, which, in brief, consists of readily demonstral 
reases in sugar elimination too slight to give positive qualitative test 
is due to the excretion of nonutilizable carbohydrate bodies, and 
independent of the blood sugar concentration. The blood sugar lev 
was not elevated above the threshold by dextrose by mouth in quantiti 
to 200 Gm. The comments of Benedict® on this article serve 
ut certain features that render doubtful some of the conclusio1 
reached by Folin 1 Berglund. He feels that Folin and Berglund wet 
sufficiently careful in interpreting their data, and that their patient 
| 


id show eglycuresis after glucose feeding. He feels that the ren 


hreshold may be wholly an artefact, and suggests that the eliminati 

ar may be due to the presence in the blood of sugar having 

hemical or physical structure differing from the utilizable blo 
xtrose. 


Gray * has compiled from the literature the results of more than 90 


lerance tests. From the observations on 300 persons who were con 
sidered normal and who received the usual test load of 100 Gm. of 


dextrose, he has constructed a composite curve which shows that thi 
iverage fasting value is about 90, and that the average peak is about 
140 at thirty minutes following the meal. The curve returns to the 


Jacobsen, A. T. B.: Biochem Ztschr. 119:21, 1913. 

2. Folin, O., and Berglund, H.: J. Biol. Chem. 41:213, 1920. 

3. Benedict, S. R., and Osterberg, E.: J. Biol. Chem. 55:769 (April) 1923 
4. Gray, Horace: Blood Sugar Standards in Normal and Diabetic Persons, 


Int. Med. 31:241 (Feb.) 1923 
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ting level at the end of three hours. Individual instances of high 


es were notable. ‘There were values up to 160 for the fasting 
280 for the peak, and 170 at the end of three hours. Of the three 
values, 41 per cent were above the fasting level. Of 129 cases in 
group in which a urine examination was recorded, glycosuria was 
in 40 per cent. Curves obtained following the ingestion of from 
200 Gm. of dextrose do not, Gray finds, show greater variatiot 


] 


individual curves on the same test load. The possibility that 
100 Gm. of dextrose leads Gray to recommend that a test 
two shredded wheat biscuits and 3 ounces (90 cc.) of milk be 
least as a preliminary test. 
senthal ° feels that the use of a definite test load of 100 Gm. 
for all adults—no proportionment of the load to the weight 
tient being made—is entirely satisfactory He feels that 
every definite case of diabetes gives a high prolonged curve, 
curves are found in a wide variety of conditions and even 
people. He believes that there are many people with diminishe 
nce who are not prediabetic. 
1 ] 


has published two articles reporting 200 consecutive carb 


which 100 Gm. of dextrose and a constant 


te tolerance tests in 
cal technic were used. John’s second article summarizes a number 
icles bearing on this subject. He concludes that the most signifi- 


ibnormal feature of tolerance test curves is a prolongation, that 


lelaved peak, and a failure of the blood sugar concentrati 


the fasting level within three hours. The absolute height ot 
e has little significance. He believes that lack of absorpti 1 


intestine as the cause of a delaved rise is not important 


He feels that the renal threshold varies widely in different 


s and is often lower than the commonly accepted value of 160 
research here reported was inspired by the opinion held by 
nd others that a test meal of 100 Gm. of dextrose might do harm 


} 


iabetic patient and that a starch meal might best be used, at least 
preliminary. Gray’s suggestion of using two shredded wheat bis- 
ts and 3 ounces of milk as a test meal appealed to us because of 
its near approach to the usual American breakfast and (2) its 
availibility. We were, however, unable to find in the literature 
record of curves obtained in normal persons following this meal, 
] 


ny comparison of curves obtained with this meal with those obtained 


vhen the standard test load of 100 Gm. of dextrose was given to the 

me persons. We therefore determined to study a series of normal 
5. Mosenthal, H. O.: M. Clin. N. Amer. 9:549 (Nov.) 1925 

6. John, H. J.: J. Metab. Research 1:497 (April) 1922; ibid 
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and nondiabetic persons with both types of test meal in order that we 
might contribute to the establishment of normal standards for the meal 
proposed by Gray, and at the same time establish a definite basis for 
the comparison of results by the two methods. At first we also planned 
to use the intravenous injection of 0.33 Gm. of dextrose per kilogram 
ot body weight as proposed by Rigler and Ulrich,’ and so help to estal 

lish a basis of comparison for all three, but after a study of four cases 
we discontinued this portion of the work. The publication by Benedict 


of a new method for the estimation of blood sugar which resembles 


closely the Folin-Wu method afforded the opportunity of making tl 
duplicate analyses by the new method, and thus of determining whet! 
“not values obtained by the two methods are directly comparable. 
the work progressed, our interest in the phenomenon of glycuresis a1 
dextrose threshold prompted us to include a determination of the “sug 
in each sample of urine to determine whether any contribution could 


1 


ide to an understanding of these important problems. 


EXPERIMENTS 


\ll subjects presented themselves in the morning without having eaten si 
preceding dinner. Samples of blood were drawn before the test meal, 
thirty minutes, ninety minutes and one hundred and fifty minutes after the c 
pletion of the test meal. These are the intervals we have been accustomed 
for tolerance tests. We have felt that they provide the maximum intort1 
with the fewest venipunctures and the minimum expenditure of ti 
Following the intravenous injection of dextrose, blood samples were dri 
ter ten minutes, forty minutes, seventy minutes and one hundred and tl 
ites. A specimen of urine was secured either immediately before or im1 
diately after each sample of blood was taken. The water intake was 
lled 
[The shredded wheat meal was prepared by heating the milk which was add 
the biscuits after they had been softened by pouring hot salted water 
hem. Prepared in this way, the meal is quite palatable; without this preparati 
is too dry. Sufficient dextrose solution for five tests was prepared by addi 
500 Gm. of anhydrous dextrose, the juice of two or three lemons, 1 cc 
yhosphoric acid, and water to make 1,000 cc. The mixture was ser\ 
old. The dextrose injected intravenously was a 50 per cent solution prepart 
Eli Lilly & Co. This solution was injected undiluted at such a rate tl 
rom eight to ten minutes were required for the injection 
[The samples of blood were analyzed by the Folin-Wu method, and 
enedict’s modification of this method. The values obtained by the Folin-W1 
method were not corrected for the disproportionality of color, as has n 
been made possible by Oser and Kerr.® Technical assistance was used as 
accessory only; all analyses were under the immediate direction of one of us 
(H.R.), who made all colorimetric readings. In the Benedict method, the final 
color reagent reacts with the cuprous oxide much more slowly than does that 
used by Folin and Wu. The directions of Benedict that at least six minutes b 
allowed for this reaction were found to be important. A glass bead dropped 
in each tube is of great value in both methods as an aid to mixing. 


7. Rigler, L. G., and Ulrich, H. L.: Blood Sugar Reaction Following 
Intravenous Injection of Glucose, Arch. Int. Med. 32:344 (Sept.) 1923. 

8. Benedict, S. R.: J. Biol. Chem. 64:207 (May) 1925. 

9. Oser, B. L., and Kerr, W. J.: J. Biol. Chem. 67:319 (Jan.) 1926. 
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specimens of urine that did not react with Benedict's 


analyzed exactly as described by Folin and Berglund Those which gave 
1 ] 
Nai 


htly positive test were <¢ yzed in the same way except that a greatet1 


+ 


was used. The specimens that contained more than 0.25 per cent were 
d with Benedict’s quantitative reagent 
he data in table 1 include the blood sugar curves obtained in twenty 
il persons following the ingestion of two shredded wheat biscuits 
3 ounces of milk, and in five nondiabetic patients whose carbohy 
tolerance was probably unaffected by the disease condition present 
1 is a composite of the twenty-five curves and shows that the 
1al type of response is a mild elevation of the blood sugar thirty 
tes after the meal, a mild but distinct depression below the fasting 
hypoglycemia) ninety minutes after the meal and a return nearly 
fasting condition one hundred and fifty minutes after the meal 
rt 2 is a composite of the curves of sixteen normal persons and four 


iabetic patients for whom curves were obtained following both the 














e observations on twenty normal persons 


rt 1—Composite curve from t! 
nondiabetic patients who received two shredd 


es of milk 

















hart 2—Composite curves from the observations on sixteen n¢ 


four nondiabetic patients who received both test meals: solid line shows 


nse to meal of two shredded wheat biscuits and 3 ounces of milk; broken 
response to meal of 100 Gm. of dextrose. 


mal persons 


edded wheat and dextrose meals, the data for which also appear in 
table 1. The elevation of the blood sugar observed thirty minutes after 
the starch meal is about one half that found after the dextrose meal. The 
hypoglycemia that follows the dextrose meal is less marked at ninety 
minutes and more marked at one hundred and fifty minutes than that 
which followed the shredded wheat meal. Compared with the composite 
curve given by Gray, our composite curve shows the following features: 
(1) Our curve starts at 98 instead of 90; (2) the peak is practically the 
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e, and (3) our curve has returned to the fasting level within one and 
half hours, falling to 88 at two and one-half hours. Grav’s curve 
turns to the fasting level in three hours, being distinctly above the fast 
level at one and two hours. 
Chart 3 is a composite from tables 1 and 2, showing the curves 
ained following starch, dextrose and intravenous dextrose tests in 
same four persons. With respect to the starch and dextrose meals, 
average of the four does not differ materially from the average of 
twenty. The intravenous injection of dextrose produces the maxi 
im hyperglycemia immediately. Forty minutes following the injection, 
hypoglycemia is well marked. ‘he observations at seventy and on 


ndred and thirty minutes following the injection show a gradual return 


the normal fasting blood sugar level. As compared with the other 
ndard tests, the normal response to the injection of 0.33 Gm. of dex 
2.—Blood and Urine Analyses on Persons Studied After Sta 


Glucose Meals, and Glucose Intravenous!) 





Dextrose Int sly, 
0 GI 
Family a - 
Weight, History of Fast 10 40 70 3 
S {ge Pounds Height Diabetes Diagnosis Data ing Min. Min. Min. Mir 
1 128 5 feet 7 inches Negative Normal \ 4 212 5% SK 88 
B 7! 8 8 7 
( BO er 
D 0 
E 
7% es Negative Normal \ & 7 8 ‘ 
B 7 110 47 7 87 
( 16 CC 
D 1.2 
I 30 
s e¢ es Negative Acne v \ 0 05 109 74 
garis B R5 ”) . SE 
( ec. 87 ce 
D _ ).86 
} 1.80 ( 
eet 7 inches Negative Hypo \ 166 2 S8 
thyroid B 80 l€ = 8 
controlies ( 30 ce i 
D 0.82 - 
} _ 


ise per kilogram of body weight would seem to be characterized by (1) 
creater fluctuations both above and below the normal fasting blood sugar 
vel and (2) a shorter duration of the curve. 
Chart 4 is a composite from table 1 of the curves obtained by giving 
125 Gm. of dextrose to three persons and one nondiabetic patient. This 
| curve is characterized by a lack of a hypoglycemia phase during the 
period of observation, the blood sugar remaining well above the fasting 
level at two and one-half hours. 
The data regarding sugar elimination do not lend themselves to the 
construction of composite charts. The sugar elimination in grams per 
hour has been plotted on the individual charts of all the cases in which 
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the data were obtained. The values found for each sample of urine 


taken after the meal was given were regarded as an average for tl 
preceding period, and the plotted points were therefore located in tl 
middle of the period and not at the end. Two of the individual chart 
have been selected for publication as examples. 

From a study of the graphs in eighteen cases with complete data 


it appears that following the shredded wheat meal, glycuresis was abset 
two, doubtful in two and rather definitely present in thirteen cas¢ 


Glycosuria was present in one case. We have applied the term glycures! 
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( ite curves from the observations on four persons 
eceive neals and dextrose intravenously: solid line, response to n 
W at biscuits and 3 ounces of milk; dotted line, respons« 
di broken line, response to injection intraver 
f G Se logram of body weight. 
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{ + Composite normal pet 
diabetic pa dextrose 


to those curves which show from their form an increased elimination 
sugar shortly after the test meal, provided that the rate of eliminatio 
was not greater than 90 mg. an hour. We have assumed that tl 
ethod used measures dextrose. Any such division of curves into type 
is, we realize, rather arbitrary, and therefore our decision in eacl 
instance has been indicated in table 1. In a few instances, the concen 
tration of sugar in the urine was sufficient to give a positive qualitative 
test, but in no instance was the elimination of sugar appreciable. Fol- 
lowing the dextrose meal, it appears that of nineteen cases in which th 
data are complete, four exhibited no glycuresis, two were doubtful, eight 
showed a fairly definite glycuresis and five showed an unmistakabl 


elycosuria, There were no doubtful cases between the latter groups. 
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COMMENT 

Carbohydrate tolerance tests as performed in clinical medicine give 
es that are only fragmentary and approximate records of the fluctua- 
in blood sugar concentration. The true curve is, of course, a 
th and not a broken one. To obtain the true curve, samples of blood 

Id have to be taken perhaps as frequently as every five minutes 

ing the first hour, when the blood sugar is changing rapidly. Such 


ocedure is not practicable, nor would the results, so far as we know, 


greater value clinically. All so-called low curves sh 














5.—Individual chart of 
; the patient was 66 inche 





tful condition following two shredded wheats and 3 ounces 


osuria following 100 Gm. of dextros« 




















t Individual chart of patient 17, a man, aged 30, s g meth f 
the patient was 69 inches in height and weighed 180 1 Is (81.6 Kg 
glycuresis following two shredded wheats and 3 ounces of milk; rig 


esis following 100 Gm. of dextrose. 


reexamined with several blood sugar estimations within the first 

to make sure they are not merely “shortened” curves. It has been 
ind that the maximum rise in blood sugar concentration following 
ingestion of 100 Gm. of dextrose by normal persons usually occurs 
ween fifteen and forty-five minutes following the meal; hence, a 
od sample taken at thirty minutes will usually record a value near 
maximum. In individual cases, however, the difference may be 








340) ARCHIVES OF INTERNAL MEDICINE 


considerable. All experimental studies on renal threshold should inelud 
sufficiently frequent estimations of blood sugar to determine with reason 
able exactness the maximum blood sugar concentration. 

Che comparison between the curves obtained with test meals oi 
both shredded wheat and dextrose shows that the general shape of th 
curves is the same in both. The rise in blood sugar concentration is 
greater following the dextrose meal, and this will usually result in 
higher value at the thirty minute interval. The later appearance 
hypoglycemia following the dextrose meal and the continued elevatio: 
of the blood sugar level at two and one-half hours in the patients tl 
received 125 Gm. of dextrose confirm the observations others ?° hay 
made that increasing the load tends to prolong the curve. 

Since the length of time required for the blood sugar concentratio1 
to return to the fasting level is generally held to be the most importat 
feature of the curves for the clinical diagnosis of diabetes, it wou 


ippear that those who would proportion the quantity of dextrose giv 


to the weight of the patient have theoretical support for their view 
\Weight is, however, usually an index of the state of nutrition of a pe 
son and not of the amount of glandular tissue present. It is therefor 
probably better not to vary the load, unless a child or a person definit: 
larger or smaller than the average mold is being tested. 

It would also appear that the duration of the curve following a 
suggested test meal would have to be determined experimentally in 
series 


the shredded wheat meal is used, a consideration of our data indicat 


yf normal persons before the test could have clinical value. 


that the blood sugar concentration should return to the fasting lev 
within two hours. Even so, patient 17 shows a prolonged curve follow 


ing tl 


e dextrose meal, and yet the blood sugar concentration fell to tl 
fasting level within two hours following the shredded wheat meal. It 
may be that this represents a difference in tolerance on different day 
Except for some nervousness and some difficulty with his studies, tl 
man is apparently well. He is a little overweight. The family histor 
of diabetes is questionable. 

We feel that the shredded wheat meal is a little too small for con 
mon use and that it could be improved by the addition of 50 Gm. or s 
of dextrose or sucrose. The amount of sugar added could be varied in 
proportion to the weight of the patient if desired, the carbohydrat 
content of the shredded wheat and milk being subtracted from the total 
calculated dose. Such a test meal should give results directly comparabl 
to those obtained with 100 Gm. of dextrose and would be far more 
agreeable to the patient. The 100 Gm. dextrose makes a nauseatins 
dose however disguised. 

10. Jacobsen, Boe, Bergmark, Sakaguchi, Bailey, Shouse, MacLean, DeWes 
selow and Spencer, cited by Gray (footnote 4). 
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[he comparison of the results by the method of Folin and Wu 


of Benedict shows that they are comparable if one remembers that 
Its by the Benedict method will average about 20 per cent lower than 
e of Folin and Wu (chart 5). Since the completion of our experi 
ntal work, Folin ?! has published an article criticizing Benedict’s metho 


modifying the reagents of the Folin-\Wu method so as to secure the 


ntages claimed by Benedict.?? \ll this shows that the clinician 
ild be slow to adopt new methods \ change should not be mad 


ss there is some definite advantage to be gained. ‘Time should be 


itted for a careful critical review of the method by chemists of 
experience in this field. Modern microchemical analytic methods, 
ugh vastly superior to those of preceding decades, are doubtless still 

from perfect. For this reason, values obtained in blood analyses of 
us kinds should be interpreted after consideration of the method I 

h thev were obtained. 

he chief point of interest in the cases in which dextrose was give 


venously is the rapidity with which hypoglycemia appears, that 1s, 











rt 7 Che upper curve is a composite of curves by the | \\ 


( 
ver curve, a composite of curves by the Benedict met 


in forty minutes in three of the four cases, and probably withi1 

five or fifty minutes in the fourth case. The use of dextrose intra- 
usly as a test substance was proposed when it was thought that 
ularities in the absorption of dextrose, as described by Fitz, Beeler 
Bryan,’* might be a factor of considerable importance in the clinical 


ication of the test. It is the opinion 


£ John ® and others that this 
tor is of little importance clinically, and there would appear to be 
1eed for an intravenous test. The test load which most nearly 
roaches a normal meal, is, in our pthc the best. The response of 
patient to the ingestion of food is, after all, the it mportant thing. 
lhe large proportion of patients (52 per cent) who show glycuresis 
llowing the shredded wheat meal supports the opinion of Benedict 
this is the usual occurrence. The reponse to the dextrose meal 
en more interesting. If the study were confined to the four cases 
it showed no glycuresis, one would say that subthreshold hyper- 


Folin, O.: J. Biol. Chem. 67:357 yo ) 1926. 

12. Benedict has now replied: J. Biol. Chem. 48:759 (June) 1926. 

13. Fitz, R.; Beeler, C. L., and Bryan, A. W.: | Metab. Research 1:54 
1922. 
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glycemia due to dextrose ingestion produces no glycuresis. A fait 
definite subthreshold glycuresis is, however, observed in eight cases, tw 
cases being regarded as doubtful. It may be that this comes from thx 
complex carbohydrate present in the lemon juice or impurities in tl 
sugar, but it seems more reasonable to us that the presence or abset 
elycuresis 1s due to individual variation. Definite glycosuria w 
present in five cases In one of these the highest observed blood sug 
oncentration was under 130, and in two it was over 160. It is 
opinion, however, that the tolerance test, as designed for clinical wo 
loes not provide sufficiently frequent observations to throw much lig! 
n the problem of renal threshold. The sharp separation of our ca 
which show glycuresis from those which show glycosuria seems t 
to point to the existence of a definite renal threshold—that there is 
each individual, at a given time, a certain blood sugar concentratiotr 
which the urine sugar concentration begins to mount rapidly as 


lood sugar concentration rises. 


SUMMARY AND CONCLUSIONS 


n the response of twenty normal and five nondiabetic subjects 
meal of two shredded wheat biscuits and 3 ounces of milk, the aver 
peak at thirty minutes was 142. The average duration was less tl 
two hours. As compared with the average response given by th 
subjects and that of sixteen normal and four nondiabetic subjects to t 
shredded wheat meal and the usual 100 Gm. of dextrose, the curve gi 
by the former is flatter and of shorter duration. A considerat 
these data indicates that the shredded wheat meal is a rather sn 
ad, and it is suggested that a combination of sugar and shredded wl 
and milk be tried. Such a meal would appear to have the advantage 
availability, palatability and near approach to an ordinary breakfast. 
The average curve obtained in four persons given 125 Gm. 
dextrose, as compared with the average curve for those given 100 Gi 
shows a greater elevation of the blood sugar level and a prolongation 
the curve. This confirms the observation of others that an increass 
the load tends to prolong the curve. 
A study of sugar elimination in these subjects indicates the preset 
glycuresis in many persons following both types of meal. TI 
sharp demarcation between glycuresis and glycosuria suggests tl 
presence of a definite renal threshold. The individual variation observ 
indicates the necessity of carrying out such studies on a sufficiently lat 


number of subjects. 
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STIMATION O 


PANCREATI( ENZYMES AND ALUE OI! SUCH 


DETERMINATIONS FROM A_ CLINICAI STANDPOINT 





LAY MARTIN, M.D. 


BALTIMORI 


lhe functions of the pancreas will never be understood until ther 


methods for ascertaining its fundamental physiology. On this ques 


great deal )f course, the function 


f work is now being done. 
e pancreas that is most obvious is the enzyme secretion. How to 
ate it in some manner accurate enough for clinical investigation is 
problem discussed in this article. There has been a great deal of 


of the pure secretion, but that is of only academic help in the 


il problems. 


. method of approach which will give a fairly faithful record ot the 


tional state of the pancreas in its production of the so-called exter 
nzymes is offered here. To begin with, an estimation was made of 
mount of starch digested as shown in various dilutions of duodenal 
nts with the aid of iodine. Among the first to do this was 
Chomas R. Brown.’ He made this estimation on the stools and 
mens of urine, and was able to determine the diastase activities 

fairly constant levels. It seemed only proper that some means of 
accurately measuring the enzymic concentration should be devel 


With this in mind, known quantities of sucrose wl 


uch does not 
ice Folin and Wu’s alkaline copper sulphate solution were injected 
ugh a tube into the duodenum. At set intervals portions of the duo 

contents were removed and the amount of glucose obtained, as 
rmined by its reduction of the above mentioned copper sulphate, was 
sured. This procedure was carried out in a series of cases until | 
s thoroughly convinced that although it is theoretically engaging, it is 
racticable. After stimulating the pancreas with tenth normal hydro- 
ric acid and with a subsequent injection of the sucrose into the duo- 
um, the attempt was made. The sucrose was also used through the 
e as stimulant enough of itself. Of course, in both cases pancreatic 
well as bile flow was obtained, but there is little prospect of obtaining a 
irly constant material in which the enzymes will act. At times, two or 


e readings that showed the desired upward curve were secured, but 
ch more frequently the reductions were irregular in amount and 
1. Brown, Thomas R.: The Normal Amount of Diastatic Ferment in the 
i Urine and Feces, and Its Variation in Diseases of the Pancreas, Tr. A. Am. Phys., 
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frequently sterile. Besides these disturbing factors, a sugar reducing 
substance in the bile itself usually strongest in the darkest, most con- 


centrated portion was tound at times. 


Consequently, the in vitro method was resorted to and followed 
through a fairly large number of cases, the last fifty of which are pr 
sented here. At first different dilutions of the duodenal contents wet 


tried with 1 cc. of 1 per cent soluble starch using a buffer solution 
fy 7.7 in both the dilution of the return fluid and the solution of starch. 
Distilled water does not give satisfactory results, as will be shown bel: 
\fter considerable experimenting, it was found that the average duo- 
denal contents gave satisfactory reductions in 1: 600 dilution. About 
seventy tests were made, using 1 cc. of this dilution with 1 cc. of th 
soluble starch solution. A solution of 40 cc. of 33 per cent magnesiu 
sulphate warmed to body temperature and injected slowly through t 
tube into the bend of the duodenum was used as a stimulant. Son 
patients become nauseated unless the process is pertormed slowly. 1! 
sterile tube was taken by the patient after he had fasted over nigl 
It was practically always swallowed without the aid of water, but 
the few cases in which it was thought advisable to give small quantiti 
of water, it was removed by syringe as soon as the tube reached th¢ 
stomach. The patient then inclined on the right side, and the tube w 
allowed to drain into a beaker, while the bulb drifted slowly into 
duodenum. In this manner it was felt that the tube entered the desir 
spot without carrying a large supply of gastric contents with it. It 
not inferred, however, that none was constantly following the tube. TI 
position was carefully controlled by fluoroscope. At times specimens « 
bile were obtained: before it was certain that the tube was in pla 
hese were carefully separated and tested for enzymic activity. I 
not believe that this initial flow of bile before stimulation with magn 
sium sulphate represents a malfunction of the sphincter of Oddi. Whi 
this initial flow ceased, stimulation was carried out as shown abov 
\fter two minutes siphonage was instituted, and the bile was collecté 
great care being taken to collect aliquot portions of the so-called A, 5 
and C bile into separate sterile tubes. Until the flow became viscid, 
was discarded as containing magnesium sulphate. After thorough 
centrifugalization, dilutions of 1: 600 were made of each of the thre 
portions. Often atypical returns were obtained, such as an entire absen 
of one of the component parts. At times bile was not returned. Into 
three sets of five tubes containing blood sugar were placed 1 cc., 0.8 cc., 
0.6 cc., 0.4 cc., 0.2 cc. of each fraction and made up to the total amount 
of 2 cc. with 1 cc. 1 per cent soluble starch and the necessary amount of 
fu 7.7 buffer. The tubes were well shaken and placed in a water bath 
at 38 to 40 C. for thirty minutes. At this time 2 cc. of alkaline copper 
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Iphate (Folin and Wu) were added to each tube, and the determina 
| 


ns were carried out in the writers for t 





nanner suggested by the e 
ermination of blood sugar. The buffer solution was made according 
e : te 
Sorensen, as brought out by W. Mansfield Clark 
M/15 solution of primary potassium phosphat s 9.080 | 
PO, in 1 liter of solution 
\n M/15 solution of secondary sodium phosphate wl contains 11.876 Gm 
HPOs, 2H2O in 1 liter of solution 
ne cubic centimeters of the secondary are added to 1 c« t the prin 
: 7.731. The soluble starch solution must be well boil nd made up tres 
other day even when kept in the icebox For the alkaline c pp S ulpl ite 
he phosphomolybdic acid and the sugar standards, reference may be made t 
imber of sources. Stitt’s* method was used t present work 


For the determination of trypsin, the following method was used 
hree cubic centimeters 1: 100 dilution of duodenal contents in buffer "ey 
ubated in the water bath at 38 to 40 C. with 2 c t purified cast 








per cent sodium carbonate. To this is added 5 cc. each of 10 per cent 
m tungstate and two-thirds normal sulphuric acid. This is shaken well, put 

for two hours, filtered or centrifugalized d 5 filtrate deter eC 

nprotein nitrogen by the nesslerization method of Fol nd Wu (Stitt 
For quantitative determination : 

stase: The reading in milligrams obtained in one tube is multiplic 100 
to be comparable with results obtained by smaller dilutions 

psil The reading in milligrams of nonprotein 

minus the reading for the control casein, the cont 

w to give a color, is multiplied by 3 to ascertain 

initial tube and by 50 for 100 cc. of casei 





table for inter- 


ial and used only to give a broader and 


of results. 


n order to eliminate as much as possible any action of ptyalin, all 
a was collected from the patient as he became conscious of it. 


ultaneous estimations were made with it. 
(hese methods are unwieldy and much too involved for clinical use 


vy have been used, however, in these cases in order to derive a basis 


a simple and accurate method which is given below. In the intra 


ies comparison among the three sets of tubes it has never been pos- 


le to find any definite progression or increase in the amount of 
in C, the highest in B 


istase. Usually the smallest reading is found 
| that found in A midway between the two. In all cases in which 
e greatest activity was found in A or C the reading in B was always 
high enough activity to give a fair index of the pancreatic activity 
2. Clark, W. M.: Baltimore, Williams & 
Ikins Co., 1925 

3. Stitt: Practical Bacteriology, Blood Work 
P. Blakiston’s Sons & Co., 1918. 
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Contrary to the observations of Friedenwald,* Einhorn,*® Piersol and 


kus,® in the large majority of the cases, the greatest concentration 

diastase was in the darkest or second portion of the bile secretion. 
forty-seven cases in which diastase was found, thirty-one contained 
highest activity in B bile, eleven in A and five in ( McClure and 
ssociates **° found it in B. 
rypsin plays a more divided rate; out of twenty-four estimations 
were highest in A, nine in B, and five in ( Table 1 shows the con 
ons with diastase 

When distilled water was used instead of buffer, readings in one set 


tbes that did not descend in what one would take to be the norm 








iner were frequently obtained. Tube 3 in each of the sets ofte1 
ld show a low reading in contrast to the one above and to that below 
2 é f aes née 
ount of Amount of Cor- Amountof Ar nt of Cor 
600 Glueose ir ected 1:600 Gl ect 
tio! 100 Ce Factor Results Dilution Fac Results 
0 eC 1.43 Mg 1 3 ( 1.0 ee. 1 71.42 
8 ).22 mE 2 0.8 e 
“ 16.66 mg 4 - 0.6 ce 
4% 1.32 mg ) 8 4 5 4 
4.15 mg 0.7 0.2 cc a oe 
ce &.40 mg l 8.70 D 1.0ce 8 mg 8 
SC 30.76 Mg 1.2 - 38.32 0.8 eC 14.44 mg 5.54 
6cc. = 26.42 mg. 1.66 $3.66 0.6 ee 1.76 mg f 1.36 
( 18.37 mg. 45.92 0.4 ee. 6 
= 8.46 Ig. 42.30 ce g 
‘ ae ae Pa pp eae Cs Bes sail SC ereoeauaentles. cele. { 
les there was no reduction. 1 fs nappened Trequently, and as 


is no explanation to offer. When the buffer solutions were uss 


: a lf ; an P r - + vilar tani 1 “ent 
straightened itself out, and a more or less regular steplike descent 
obtained. Some typical results in the activity of the enzvme in a 


ion of 1: 600 are shown in table 2. 


‘ 1 1 


Friedenwald and Sindler: Fractional Analysis of Duodenal Contents 
1 Individuals, J. A. M. A. 77:1469 (Nov. 5) 1921. 

Einhorn: M. Rec. June 15, 1920, vol 99; The Duodenal Tube, Philadelpl 
B. Saunders Co., 1921 

Piersol, G. M., and Bockus, H. L.: Pancreatic Enzymes in Cholecystiti 

Int. Med. 35:204 (Feb.) 1925. 

McClure, C. W.; Wetmore, A. S., and Reynolds, Lawrence: New Methods 
Estimating Enzymatic Activities of Duodenal Contents of Normal Man, Arcl 
Med. 27:706 (June) 1921. 

8. McClure, C. W., and Wetmore, A. S.: Enzyme Concentration of Duode 
ents After Ingestion of Pure Food Stuffs and Food Mixtures by N 

Boston M. & S. J. 187:882 (Dec. 14) 1922. 

9, McClure, C. W., and Jones, C. M.: Enzyme Concentration of Duodenal 
ntents in Pathological Conditions Involving Pancreas, Liver and Stomach, 
on M. & S. J. 187:909 (Dec.) 1922. 

10. McClure, C. W.: Montague, O. C., and Campbell, L. L.: Studies on the 
hanism of External Pancreatic Secretion, Boston M. & S. J. 192:527 (March 
1925 
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The multiplication that is carried out in each of the series is the 
figure required to bring the fraction of a cubic centimeter of enzyme 
back to its unity—l. A glance at the results reveals two divergent 
phenomena. In C and D, there is a constant descent in the activity of 
the enzyme. In other words, as the duodenal contents become mor 


diluted, the enzyme loses strength faster than can be accounted for | 





of buffer solution. Results of this type occurred in about 
50 per cent of the cases. In 25 per cent a gradual increase was se 
as in B, at times dropping off considerably in the last tube as in A. This 
ikely to be the case when tube 5 gives but a slight reductior 
\With this in mind it is felt that the highest dilution that can be us 
safely is the one which was adopted as the standard, 1 : 600. 

lhe estimation of trypsin is at best but a whimsical thing. It seems 
to vary at times in fair accord with the diastase; at other times it appea 
to run on a path of its own. In many cases, especially when the diast: 
is low, the pepsin appears to play a big role in the digestion of casein. 

From clear gastric juice obtained from fasting stomachs, from stot 
achs showing no biliary regurgitation, as high nonprotein nitrogen readi1 
were obtained from casein digestion as in the usual run of trypsin tes 


| believe, however, that when both the diastase and trypsin are low, « 


may be assured that the case is one of deficient pancreatic secreti 
This estimation acts more in the manner of a double check or a met! 
for making assurance doubly sure than in any positive manner. I mn 
obtained a low trypsin reading without simultaneously finding a simi 
diminution in diastase. Trypsin estimations were secured in only tw 
cases of achylia; in both instances normal enzymic activities were fou 
In neither of these cases was the pepsin index of the gastric conte: 
estimated. This should have been done and will be done at the fi 
available opportunity. 

| have never seen any work that would be thoroughly convincing 
the individual variation of the enzymes. From the work of Mellanby, 
\nrep, Lush and Palmer ** and others, I believe that the enzymes 
secreted in the same manner irrespective of the stimulation that they 
have received. D. H. Dolley ** can find no basis for the unequal sect 
tion of the enzymes. No objective differences that would account fot 
the variation in function are apparent in the histology of the glan 
Histologically, all cells are similar and go through the same stage ot 


metabolic rest and activity. 


11. Mellanby, J.:| The Mechanism of Pancreatic Digestion, the Function 
Secretion, J. Physiol. 60:85 (May) 1925. 

12. Anrep, G. V.; Lush, J. L., and Palmer, M. G.: Observations on Pat 
creatic Secretion, ip Physiol. 59:434 (March) 1925. 

13. D. H. Dolley: The General Morphology of Pancreatic Cell Function 11 
Terms of Nucleocytoplasmic Relation, Am. J. Anat. 35:153 (May) 1925. 
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\s shown in a previous paper, there is usually a difference in the 


rogen ion concentration of the various portions. Practically all of 


1 1 


are on the acid side, although in a few cases, two cases of achylia 
six others, one or two readings are on the alkaline side. The low 
n the last fraction, therefore, can be nothing else than hydrochlori 
which has come through in increasing amounts as the drainage has 
ressed. The low hydrogen ion concentration usually found in the 
part of the drainage cannot be connected with the weak enzymic 
ty so frequently found in the C bile. Specimens in which the 
ction has been marked have been noted, and just as frequently with 


ne with a reduction 


as with a high hydrogen ion concentration. | 


© mg. in an acid portion is one of the highest enzymic concentra 
in the entire series \ lowering of enzymic activity in C with a 
b,, however, has never been noted. This lowering is taken to be 
of a dilution phenomenon than any real stoppage of secretion 


1 by the increasing acidity. 


a small series a saliva control was run in conne 


series of tubes, but any connection between the amount of diastase 

tion and that seen in ptyalin was not found. Some of the estima- 
it Pi 5.6-58, one at which ptvalin is considerably embarrassed, wer« 

through and lowered, but good reductions from the pancreatic 
mes were secured. The returns from gastric secretions taken just 
re the tube had entered the duodenum also showed no _ ptyalin 
These observations have led my co-workers and me to adopt the 

ving method—a method for the estimation of disastase which, it 
It, gives a fairly correct idea of the pancreatic function in the pro- 





ion of enzymes. 
METHOD 
has been shown in the foregoing that the enzyme concentration of that part 
e duodenal contents contained in the darkest biliary secretion, commonly 
as B bile, is usually the most active of all portions. When it is not, its 
is such that it can be taken to represent the functional activit the 
eas. When this portion is turbid, due to precipitation the bile pigments 
drochloric acid, the use of clear A bile is suggested 
fter thorough centrifugalization, 1 cc. of this is placed in 19 ec buffer 
n pa 7.7 and 1 ce. of the 1:20 mixture in 29 cc. of the same buff This 
a 1: 600 dilution. These two dilutions are sufficient 
» three Folin and Wu blood sugar tubes are placed respectively, 1 cc. of the 
dilution measured from an accurate 1 cc. pipet; 0.1 cc. from a 0.1 ce. 


of the 1:20 dilution with 0.9 cc. standard buffer, 1 cc. of the 1: 600 dilu 
To each tube is added 1 cc. of 1 per cent starch solution made up by boiling 
irected. This is incubated for thirty minutes in a water bath, 38 to 40 C., and 
alkaline copper sulphate of Folin and Wu added and carried out as directed 
In normal cases the digestion in tubes 1 
2 will be practically complete, certainly in 1. Tube 3 will be the only « 
ssary to read. If this reduction is low, it will be safe to take the 1: 200 


[his h 


me 


found to 


as representing the true pancreatic activity. as been 























nsidered normal 





<8 ae 
symptoms which could be associated with biliary or with panct 
ae . } elie ele . “ T 
as far as was known, were psychoneurotic persons. 7 


g controls, one other had w 





express purpose of obta 
nic appendicitis, one, spastic colitis and the last two, viscer 
instance, the highest readir were obtained in the B yf 
ybtained in an A portion 


‘re between 30 and 70. After thorough study of the figut 





readings averaged betweet 





igs between these limits can be called the average. Figut 
below that are suggestive of a decreased function, and those above are consider 


nly as secretion in which the percentage of enzyme to pancreatic fluid is | 


\s yet it has been impossible to attach any significance to it, comparable, 
nstance t hype rcl lorhvdria 


Table 3 shows the diseases diagnosed in the various patients witl 
the various enzyme concentrations given below. The great majority 
were the private patients of Dr. Thomas A. Brown, and the diagnoses 
were made by him. The others were made by Dr. E. H. Gaither 
by me. The diagnoses were made by the usual clinical and laborator 
methods without consideration of the results obtained by duodenal 


drainage. 











Fifty per cent of the patients exami 








Los aa 
st of the observations noted here [I have discussed in article on 
eg ~oen a ae —_ " “meenia + +1} . £ r 
ry drainage in which I endeavored to correlate the n of observa- 

, ] ' ) ] ; as + 
It 1s interesting that in 20 per « t Sel ions a distine 
ring Of pancreatic enzyme activil Mi dis \ thre 
ents had chronic infectious arthritis, on e é ed 
had migraine 
WILD I} i l 
\ tT . ( S ~ ‘ 
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( oma p 1 8 G st S Ss ¢ ( cb 
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oO ‘ ( et ¢ ~ ry st 
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il 
+ | y Ss Ss 
iy 
tb ry 
Banti’s diseas » 
Chronic bil s y < 
Visceroptosis 
Chror bil : p pt 
COMMENT 
While a pancreatic stimulant was being sought, the ditfterent 


ions used by McClure, Wetmore and Reynolds,’ Bassler ** and 


- ‘ : : 
were considered, tne use oO Magnesium sulphate Was decided 
r these reasons: 
] t le- t] ,eld f ‘le ranidly after 7 , 1 it 7 
hi t leaves the held ot Work rapidly attel eC la l eces- 


to contend with more dilution since this 1s already produced by the 
rv, gastric and duodenal secretions. 


2. Certain people are notoriously affected by different types of food, 


a great many of them experience unpleasant symptoms after the 
of fat. 
3. I believe that more definite results can be obtained if magnesiun 


Iphate is used as the standard stimulant, and I cannot agree with 


14. Bassler: Quantitative Tests of Digestive Pancreatic Activity Easily 
\pplied Clinically, Arch. Int. Med. 35:162 (Feb.) 1925 

15. Lyon, Vincent: Diagnosis and Treatment of Diseases of the Gallbladder 

Biliary Ducts, J. A. M. A. 73:980 (Sept. 27) 1919; The Treatment of 
Catarrhal Jaundice by Rational, Direct and Effective Method, Am. J. M. S 
159:503 (April) 1920 
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Dr. Bassler that “By employing the food stimulant we obtain the storage 
factor of the gland, and as a pancreas is deficient in this, it 1s deficient 
in its running secretory function. The storage factor of all gland cells 
during rest is the best index of the organ function, and of its activity 
during the complete range of active secretion.” The activity of the 
enzymes can be measured, but it is impossible as yet to measure the 
entire quantitative output of the gland or its storage ability. At present 
in cases of low readings it cannot be said whether there is a diminutio: 
in the strength of the enzyme as might come about by unfavorabk 
changes in py or temperature or whether the percentage of enzyme 
the pancreatic juice is low. This of course involves the dual stimulation 
t] 


ie organ by secretin and by the vagus. Mellanby and Aurep, Lus! 
and Palmer have shown that in a pancreas in which secretion has bee: 
exhausted stimulation of the vagus will produce a restoration of tl 
digestive juices equal to that estimated in the first flow. 

My co-workers and I have frequently kept a 1: 20 dilution over nig] 
and repeated the estimation in tube 1 of each series the next day, wit 
practically no change in the activity of the enzyme. As was suggeste 
by Dr. Brown,’ and further brought out by Dr. McClure ?® and h 
co-workers, it is found that free hydrochloric acid is not needed 
stimulate the flow of pancreatic juice. Dr. Brown was estimatin 
diastase in the stools and found normal amounts in cases of achyli 
The Boston writers also found this by duodenal drainage. Recent! 
Mellanby and Huggett '* concluded from a careful series of experiment 
that “There is no evidence that gastric hydrochloric acid converts 
precursor (prosecretin) in the duodenal mucosa into secretin and therel 
elicits a flow of pancreatic juice. The results show that the secreti 
mechanism for the production of pancreatic juice may function in cot 
plete gastric achlorahydria.” 

In two cases of achylia I saw a high activity in one and a definite 
but lower activity in the other. In two normal patients it was possibl 
to stimulate a normal flow of pancreatic enzymes by the injection, 
through the duodenal tube, of 5 cc. of filtered achylic fluid recovered 


that same morning from the stomach contents of patients with chroni 


gallbladder disease. These readings were similar in amount to thos 


attained later in the same patient when stimulated by magnesium sul 
phate. In neither of these persons did the initial stimulus provoke a 
flow of B bile. 

16. McClure: Montague, and Mortimer: Pancreatic Function in the Absence 
of Free Hydrochloric Acid from the Stomach, Boston M. & S. J. 190:357 
(Feb. 28) 1924. 

17. Mellanby and Huggett: The Relation of Secretion Formation to the 
Entrance of Acid Chyme into the Small Intestines; the Properties of Secretion, 
J. Physiol. 61:122 (March) 1926. 
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hemoglobin or olive oil into the return from the duodenal tube, found 


ight who have gallstones, a group of twenty-five, of which five, or 
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Piersol and Bockus,* when using Metts’ method as modified by 
nhorn,’ which consists in placing tubes of agar, containing starch, 
highest enzyme activity in the first portion unstimulated. They also 
d, “The most disappointing part of the normal group is the wide fluc- 
tion which occurs in the same patient when the pancreatic function is 
sted more than once under exactly the same conditions.” This appar- 
t divergence in observations probably lies in the fact that in using the 
e duodenal juice they were not controlling their hydrogen ion con- 
ntration, and this can easily vary from day to day according to the 
ne and secretion of the stomach. A low py will, of course, give 
ered digestion. Their finding of the greatest digestion in the first 
w is probably due to the fact that this was the portion having the 
hest py. Two or more examinations have been made on several 
ients at different times, and it can safely be said that the results are 
parable. 
| have found that apparently there is some direct connection between 
stimulation for a flow of bile and pancreatic secretions, and I have 
er been able to isolate the pancreatic from the biliary flow. This 
ture in itself offers one of the best diagnostic factors. The differen- 
tion of stone in the common duct and carcinoma can be made relatively 
by the absence of bile flow and by the appearance of pancreatic 
e. At times, however, it is possible to get a stoppage of flow from 


organs by a stone blocking the ampulla of Vater so as to shut off 


entire flow. This, according to Lund,'* also Mann and Giordano, 
arely possible because of the anatomy of the junction. A pancreatitis 
be combined with the stone and prevent secretion. The appearance 


io 
7 
tI 


nly microscopic elements of bile makes one dubious abo 
carcinoma of the head of the pancreas. 
In the eleven patients who have definite low pancreatic readings, all 
two have definite clinical signs of hepatic pathologic changes. These 
itients had arthritis. Those with migraine and angioneurotic edema 
improved considerably since they have been placed on treatment 
stituted to assist their hyperemic livers. Just why two of three patients 
ith arthritis should have this condition I do not know. On the other 
nd, there are seventeen patients who have chronic biliary disease and 
0) 


per cent, have a marked functional pancreatic defect. 


18. White, F. W.: The Value of Medical Biliary Drainage for Diagnosi 
1 Treatment of Disease of the Gallbladder and Bile Ducts, Boston M. & S. J 


186:206 (Feb. 16) 1922. 


19. Mann and Giordano: The Bile Factor in Pancreatitis, Arch. Surg. 6:1 
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A great deal is written today concerning the involvement of the pan- 
creas subsequent to infection of the biliary tract. Joslin *° feels that this 
is the starting point in many cases of diabetes, and that cholelithiasis 
is a danger signal. Chester M. Jones *! agrees with him and adds that 
all cases of cholelithiasis require surgical intervention. Moynihan *° feels 
that “chronic pancreatitis is generally caused by gallstone irritation ;” 
Judd,** in reviewing a large series of cases, shows that “pancreatitis 
occurs frequently with cholecystitis and as a result a definite gross change 
occurs in the pancreas. It is possible for infection to involve the pancreas 
by way of the lymphatics from the gallbladder, and in many cases this 
probably explains the source of the infection. It is apparently entirel 
removed by the treatment for cholecystitis.” Piersol and Bockus,® afte 
studying forty cases of cholecystitis by the method described in t] 
oregoing, find a reduction in the amount of pancreatic enzyme in 
per cent of the cases. 

In consideration of my observations, I do not feel that one is justifi 
in being too pronounced in one’s views on the occurrence of pa 
creatitis with biliary tract infection. Certainly a large percentage of t! 
cases, most of which were diagnosed by a skilled physician, show 
normal, and some of the gallstone cases a strikingly high, pancreat 
secretion. ‘The present series of cases is of course too small to enal 

ne to draw any satisfactory conclusions. 

Administration of pancreatic extract, which has been demonstrat 
by Aaron, Wadsworth and Schneider ** to reach the duodenum and to | 
effective, may be of some value in these cases of lowered pancreat 
activity 

CONCLUSIONS 
feel that a relatively simple and accurate method for the estin 
tion of pancreatic enzyme activity is here offered. This method c 
easily be followed in any small laboratory. The amount of equipme: 
] 


needed is small, and the time consumed not much longer than that need 


1 


in making blood chemistry studies. 


() Joshi : [Treatment of Diabetes Mellitus ed 3. Philadelphia, Lea « Febige 
1923, p. 479 

21. Jones, C. M.; Castle, W. B. Milholland, H. B., and Bailey, Franc 
Pancreatic and Hepatic Activity in Diabetes Mellitus, Arch. Int. Med. 35:31 


dal 
March) 1925. 
22. Moynihan: Abdominal Operations, Philadelphia, W. B. Saunders Cor 
pany, 1916. 


23. Judd: Collected Papers of Mayo Clinics; Relation of Liver and Pancr: 
to Infection of Gallbladder, 1921. 

24. Aaron, A. H.; Wadsworth, J. V., and Schneider, H. C.: The Enzymi 
Activity of the Duodenal Contents Following the Ingestion of Pancreatin, Arcl 


Int. Med. 37:408 (March) 1926. 
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1 


It is of paramount help in making a differential diagnosis in chole- 


cholithiasis and in cancer of the head of the pancreas. 





It is possible that it may serve as a diagnostic method in the deter- 
nation of the chronic pancreatitis that occurs with many conditions 
| which may be helped by pancreatic extracts. 

If a low pancreatic activity is discovered which is associated with gall- 
nes or with a chronic biliary infection, and which does not improve 
owing the institution of treatment for the hepatic condition, one 


uld think seriouslv of a cholecystectomy. 

















BILIARY, PANCREATI( AND DUODENAL STUDIES 


ESTIMATION OI VALUE OI DUODENAT DRAIN AGI FOR ruil 
DIAGNOSIS OF BILIARY DISEASE BASED ON THI 


NAMINATION OJ] FIFTY PATIENTS 


LAY MARTIN, M.D 
BALTIMOR 
| shall first give a brief sketch of the progress of opinion on 
unction of the eallbladde r 


] 


In 1893, Doyon * carried out experiments on the gal 


Ibladder of Gog 
In situ in a manner which convinced him that there were definite cor 
tractions of the organ, and that these contractions were increased 

stimulation of the sympathetic nerves. Later Courtade and Guyot 
demonstrated that the vagus also contained motor fibers to this orga 
In 1905, Bainbridge and Dale,’ two of England’s foremost physiologist 


I 


published some conclusive observations, ‘The gallbladder shows rhythn 


iriations in volume. ‘The rhythm is increased in extent after tl 
removal of tonic inhibitory impulses. The normal effect of stimulatio 
of the sympathetic nerve supply to the muscular coat of the gallbladde: 
whether by electrical excitation of the right splanchnic or by intravenot 
injection of adrenalin, 1s relaxation. The apparently motor effects fit 
described by Doyon are in all probability due to extraneous caust 
namely, the mechanical pressure on the gallbladder caused by swellit 
of the liver and the increased tone of the muscle due to hyperemia 
» observations of Courtade and Guyon that the vagus contains mot 
fibers for the gallbladder have been confirmed. 

Courtade and Guyon were unable to elicit reflex contractions of tl 
Ulbladder by applying acid or the products of gastric digestion to th 
duodenal mucous membrane or to the biliary papilli. They also fou 
an admixture of motor fibers in the right splanchnic nerve, “the presen 
of which can be detected when the tone of the gallbladder is lowert 
by enfeeblement or stoppage of the circulation.” These observatior 
were later confirmed by Lieb and McWharter ¢ in 1915. Freese *® fou 

1. Doyon: Contribution a l’etude de la contrastilite de voice biliaire, Arch 
physiol. norm. et path. 25:673, 1893. 

l 





and Guyon: Action motrise du pneumogastric sur la vesicule 


ourt lu 

biliaire, Compt. rend. Soc. de biol., 1904, pp. 313; Trajet des nerfs extrinrequ 
De la vesicule biliaire, 1904, p. 874 

3. Bainbridge and Dale: The Contractile Mechanism of the Gallbladder and 
Its Extrinsive Nervous Control, J. Physiol. 33:138, 1905-1906 

4. Lieb and McWharter: Action of Drugs on the Isolated Gallbladder, 
J. Pharmacol. & Exper. Ther. 7:83, 1915. 
5. Freese, J. H.: The Force of Contraction of the Gallbladder and the 
Origin of Its Motor and Inhibitory Nerve Fibres, Bull. Johns Hopkins Hosp 
16:235, 1905. 
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tor and inhibitory fibers in the splanchine nerves. He also found 
at the gallbladder contracted, but that its maximum force ‘“‘does not 
eed materially the maximum secretion pressure of the bile.” 
zaburo Okado,” on the other hand, concludes that the rhythmic con 
tions of the gallbladder are strong enough to expel bile into the 


denum, because after stimulation of this intestinal segment with 


ls and products of food digestion, he noted spurts of bile coming 
rough the ampulla of Vater. He concluded that these materials 
re reflexly stimulating the gallbladder. ‘These observations, however, 

not proof that the gallbladder does contract enough under such 
muli to empty itself. 

The work of Auster and Crohn? and that of Diamond® js als 
ghtening on this point. After injection of methylene blue in the 
bladder, Auster and Crohn were unable to produce an expulsion 
the contents. Dr. Diamond injected a carmine suspension and was 

to collect all the bile through a closed duodenal fistula; only at 

intervals could he detect any of the carmine in the bile, and at 

end of six weeks he was able to find practically all of it still in t 
Ibladder. ‘When the bile was entirely replaced “by carmine, on 

| but very little bile in the neck of the gland at the end of a week.” 

In the light of the great volume of work done by Peyton Rous, 
\laster and Broun,® who were able to watch the filling of the previ 
vy emptied gallbladder by one half or one third of the bile flow 
le they collected the rest directly from the hepatic ducts of dogs, the 
ign body reaction of carmine undoubtedly has a great deal to do 

shutting out the inflow of bile. This bile, the Rockefeller writers 


1 


w, becomes greatly concentrated, the pigment content becoming eight 

ten times that of the hepatic bile. It is possible that the entire 

unt would be absorbed, but it does seem more likely that there should 

i. gradual depletion of the reservoir to make room for more. Rost,” 

o Klee and Kupfel'* in repeating Post’s work, making a closed 

\denal fistula with a window so that they could watch the ampulla of 

6. Okado, S.: On the Contractile Movements of the Gallbladder, J. Physiol. 
49:457, 1915; 50:42 1915-1916. 

7. Auster, L. S., and Crohn, B. B.: Notes on Studies in the Physiology of th 
Ibladder, Am. J. M. Sc. 164:345 (Sept.) 1922. 

8. Diamond, J. S.: An Experimental Study of the Meltzer-Lyon Test with 
ment on the Physiology of the Gallbladder and Sphincter Voteri, Am. ] 
Se. 166:894 (Dec.) 1923. 

9. Rous, P., and McMaster, P. D.: A Method for Permanent Sterile Drainage 
Intraabdominal Ducts as Applied to Common Duct, J. Exper. Med. 37:11 
Jan.) 1923. 

10. Rous, P., and McMaster, P. D.: The Concentrating Activity of the Gall- 
bladder, J. Exper. Med. 34:47 (July) 1921; Proc. Soc. Exper. Biol. & Med. 
22:215, 1920. 

11. Rost, F.: Mitt., a. d. Grenzgeb. d. Med. u. Chir. 26:770, 1913. 

12. Klee and Kupfel: Mitt. a. d. Grenzgeb. d. Med. u. Chir. 27:789, 1914. 
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Vater, found slight secretion during periods of fasting; after stimulation 
with peptone or a meal, however, they saw gushes of dark heavy bile 
that they took to be that from the gallbladder. 

The article of Meltzer ** in which he applies, “the law of contrary 
innervation” to the relation between the gallbladder and sphincter ot 
Oddi in the same manner that it is applied to the detrusor muscle ai 


to the urinary bladder sphincter, attracted the attention of Dr. B. | 


Vincent Lyon?* of Philadelphia. Struck by the possibility of tl 
results to be obtained by the application of Meltzer’s now famous fo 
ote, he started to make a series of duodenal drainages. In a preliminai 
irticle he quotes the footnote and adds, “This simple footnote serv 
iS an inspiration for a clinical experimental study on human being 
at first with magnesium sulphate and later with other solutions. 
lieve that the experimental observations on animals as conducted 
Meltzer have borne fruit and have opened up a new method of diag1 
ing diseases of the gallbladder and biliary tract.” In much the sat 
way this preliminary article of Lyon’s, brought out in all serious 
and honesty, with firm belief in its accuracy, has turned a storm 
attention and investigation to the liver and things biliary. In its t 
has brought forth a torrent of literature much too great to be amusi1 
much too exploitable for the charlatan to miss and much too inaccur 
be worthy of scientific consideration. Many competent men 
studied the process, such men as Alvarez,’® Einhorn,’® and Cutle: 
drop it as fruitless or to add some such remark as that of Alvat 


‘I agree with Lvon that it is worth trving in many cases 1n which surei 


help must be postponed or refused.” On the other hand, there 

such men as Smithies,?2 Oleson,!® Franklin White,?° Crohn, Reiss 
13. Meltzer, J. S Phe Disturbance of the Law of Contrary Innervation a 

Pathogenstic Factor in the Disease of the Bile Ducts and the Gallbladd 


Am. J. M. Sc. 153:469, 1917. 
14. Lyon, V. B. B.: Diagnosis and Treatment of Diseases of the Gallblad 


Ducts, J. A. M. A. 73:980 (Sept. 27) 1919 


15. Alvarez, W. (| Diagnosis and Treatment of Gallbladder Diseas« 
[special Reference to the Meltzer-Lyons Test, M. Clin. N. Amer. 6:213 (Sept 

7 

16. Einhorn, M.: Action of Various Salts and Other Substances on the Lit 
After Introduction Into the Duodenum, New York M. J. 113:313 (Feb.) 1921 

17. Cutler, E. C., and Newton, F. C.: Some Experiences with the Meltzet 


Lyon Test in Gallbladder Disease, Surg. Gynec. Obst. 35:146 (Aug.) 1922. 

18. Smithies, Frank: Non-Surgical Drainage of the Biliary Tract; Its Usef 
ness as a Diagnostic and Therapeutic Agent, Illinois M. J. 39:325 (April) 1921 

19. Smithies, F., and Oleson, R. B.: The Diagnostic and Therapeutic Valu 
Non-Surgical Biliary Tract Drainage in Patients Exhibiting Biliary Tract Diseas 
Upon Whom Surgical Procedures Have Been Performed Previously, Illinois M. J 
41:29 (Jan.) 1922 

20. White, F. W.: The Value of Medical Biliary for Diagnosis and Treat 
ment of Disease of the Gallbladder and Bile Ducts, Boston M. & S. J. 186:20 


(Feb.) 1922 
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adin,*! who believe in it both from a diagnostic and from a thera 
utic point of view. Chester M. Jones ** of Boston, who recently 
‘te a well rounded article on the subject, thinks it has its possibilities 


both directions. 





EXPERIMENTAL WORK 
My co-workers and I have recently performed duodenal drainage in a fairly 


re number of cases, the last fifty of which are reported here, for we feel that 









































hem our method of investigation has become more complete. Our method 
tting the tube in place, which is essentially that described by Lyon, ha 
described in detail in a previous article on the estimation of pancreati 
( 
Phe tube is swallowed by the patient W 10 has bee Tasting for twelve ] rs 
\\ his stomach the patient assumes a right lateral positi 
phe ts are collected into a beake1 
Che patient is not allowed to swallow saliva 
The tube is allowed to drift into the duodenum, and its | tion is det 
the use of a fluoroscope 
With the tube in the bend of the duod m, a secretior T eas bil 
1ulated with w magnesium sulphate This is ected s t Q 
cm 
fter stimulation with magnesium sulphate, 40 cc. of a 33 per cent 
ided the different colored portions obtained into separate containers 
adequate portions of each lot in sterile centrifuge tubes. This was done 
teriologic studies 
iently our first knowledge of the presence the ( 
r flow of golden clear bile, at times a tur llow é 
s a deep brown colored b Not infrequently « tains a free flow « 
lored fluid bef the tube is out of the stomacl Tr} Nliary regureit 
common observation to those in the habit of pumping out a fasting 
We do not see any justification of g this dysitunction 
ter of Oddi. This flow soon ceases, and after magne ulphate stir 
he usual clear flow of A, of the dark clear B and of the C bile, a light less 
fluid but much more frequently turbid than clear and transparent 
ed. If the flow is allowed to continue, it becomes thinner t 
greater amount of free hydrochloric acid as well as total 
hydrogen ion concentration of these various portions is en g 
e have obtained the hydrogen ion concentration in about twenty-five cases, 
irely have we obtained readings ier than neutrality—twice in patients 
gastric achlorhydria and five times in patients with normal gastric analysis 
\f these persons showed a reading less than neutrality in some fraction. The 
\ averages were around 4.2 to 6.8, with a range from fn 2.4 to 8.6. This 
reading was not obtained in a patient with achylia; note the C bile of the 
nt, po 1.8. The pu of B tends to be lower than that of A bile and in th 
tients examined never rose above neutrality. The fu of C bile tends to be low, 
ily between 1.4 and 2.4; twice it was above 7, one of these patients having 


21. Crohn, B. B.; Reiss, J., and Radin, M.: Experiences with Lyon Test 
the Determination of Gallbladder Disease, J. A. M. A. 76:1567 (June 4) 1921 
2, Tones, C. M.: Rational Use of Duodenal Drainage, Arch. Int. Med. 34:60 


) 1924. 





) 


23. Martin, Lay: The Estimation ot 
Such Determination from a Clinical Standpoint, Arch. Int. Med. 39:343 (March) 





Enzymes and the Value of 
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ac hylia Whenever the C bile is really turbid, it is always below pu 3. The color 

netric sets were made in exact accord with the method of Clark.” 

\t times one sees the light turbid yellow C bile alternating with the typical 
< B bile. This often continues for a period of time, and to localize the area 
rom which it was coming, at first caused us no little concern. This question was 
solved, however, on adding varying amounts of tenth normal sodium hydroxid 


the turbid tube and on having the so-called C bile change into a typical clear 








fy bile betore one’s eyes, a trifle lighter, of course, than the one with which we 
\ admixture of gastric secretion and alkali 


bile and by the addition of proper amount 


were comparing 1t On accol 


g int of the 
One may take a portion of the usual B 

tenth normal hydrochloric acid obtain the counterpart to the original turbid 
C bile. This change occurs at a pu 3.4 to 3, and by raising the hydr¢ 


1c original B bile may once more be obtained. In case 


ygen ion con- 
ntration tl 15 (table 3 

vith no A bile we obtained a good flow of B, pu 5.4, and a turbid C bile pu 1.8; 
this changed to a typical B bile pu 8.4 and remained so. This, of course, explains 
he absence of B bile in cases in which this condition is at times taken to represent 
pathologic condition in the gallbladder or cystic duct. 

\s my co-workers and I had obtained high nonprotein nitrogen estimations 
the thick inspissated bile from the gallbladders of two patients with carcinon 
the head of the pancreas, we made similar determinations in the three fractior 
thirty-six cases hoping that it would give us some clue concerning t 
igin of B bile. 

METHOD 


To 5 cc. of bile about one-fourth the amount of acid animal charco 


lis add 
; 








[his is mixed thoroughly and allowed to stand for thirty minutes. ive cu 
of 10 per cent sodium tungstate and of two-thirds normal sulphu 

icid are added. The solution is mixed and allowed to stand for fifteen minut 

or more. Water is added to 50 cc., and allowed to stand overnight in the icel 


The solution is filtered and the amount of nonprotein nitrogen is determined 
nesslerization method of Folin and Wu for blood. 


Frequently the rapid addition of Nessler’s solution will cause a clouding 





is persists, a filtering of the fluid removes the cloudiness and does not seem 
lower the reading. This may be ascertained by making a second digestion. Ju 
y there is a precipitation at one time and not at another we do not know. 

The highest readings for the series was found twenty-four times in B, te: 


times in A and two times in C bile 


n three cases in which no bile was obtained from the duodenal contents, o1 


t listed here, the results shown in table 1 were obtained. 


| ABI l /WSTAS md np tei Nit Jen Estimat mS Ui Three Cases 


Diastase Nonprotein Nitrog* 








d 0 Too light 
Carcinoma of head of pancreas B 0 Too light 
1 Oo ( Too light 
A ( 13 
Choledocholithiasis B ( Not done 
Lc ( 25 


29.36 


Catarrhal jaundice 


ke 


The range of reading varies from too light to read to 59 mg. per one hundred 
cubic centimeters of bile. The majority of the estimations for all readings are 
between 15 and 35 mg. per hundred cubic centimeters of bile. 





24. Clark, W. M.: The Determination of the Hydrogen Ion, Baltimore, 
Williams & Wilkins Co., 1925. 

25. Stitt: Practical Bacteriology, Blood Work and Animal Parasitology, ed. 7, 
Philadelphia, P. Blakiston’s Son & Company, 1923. 
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WARTIN- 





BACTERIOLOGY 
Cultures were made from each tube direct to human blood agar 
ites. The hydrogen ion concentration of the agar was 6.8. Cultures 


re taken from forty-two specimens of bile. In five of these no 





wth was obtained (certainly some organisms should have been 


tained in three of these as they had definite gallbladder symptoms ) 
e common organisms found were: staphylococci; streptococci, hemo 
c and nonhemolytic; colon bacilli; a thin gram-negative bacilli grow 
like influenza; gram-positive diplococci and large ovoid gram-positive 
ci that I have been unable to identify. I do not think it is air borne, as 


ive obtained the same organisms from patients on whom drainage 











A E2 VWicroscoft ) tiov n Fresl } ) P) } 
( ( Q ty ] Fresh Preparatic S ed Prey ( 
\ None ob 
I Cle I hery residue « 2g S ter pig t 
kK 1 togethe t« I bacteria ells 
ymphoid cells oO} s 
( J t 8 I thery res pols Many diplococe Vy 
g orphon 1 whit blood sa 
phocytes ( epithelial cells 
\ Few feathery floc Ss ered pig 
I Dark 4 Scattered fe sidue No cells; no {| 
ir tew cholester< yst 8 
1 
( S y Slight feathery res s s t ( N € 
t bit seattered ¢ mps of w blood cells 
yellow blood cells 
\ ( 8 Practicall thing 
V I Clear, 2 Slight feathery resi S tered 
very dark ew bat 
110 ex 
( Clear 8.4 Crystals oking k 
light globules 
When (¢ ile is acidified below pu 3.2, the bile pigment (feathery residue) precipitates out 
s been performed in different locations and from whom cultures were 
ken immediately. Usually more than one organism is obtained, fre- 
iently three. 





In stained smears there are often large clumps of bacteria, usually 

C bile. Ina few cases they were exceedingly numerous in B bile, 
but the records show that this occurs with patients whose py is rather 
low. In one case the bacteria were surrounded by clumps of pigment, 
the whole field giving the appearance of round cell infiltration about a 
focus. 

Sediment.—In the turbid C bile in the series a large mass of feathery 
residue was always found at the bottom of the tube. The amount 
found in A and B bile seems to bear a direct relation to the hydrogen 
ion concentration; the higher the py the less the amount of sediment. 
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NV. 


several cases, however, when B bile gave the normal reading, a 





nsiderable number of feathery flocculi were seen within the micro 
pe. This will be discussed more at length. 
Frequently considerable mucus appears; I feel that a great deal of 
must be from the stomach. 

Microscopic Observations —Both fresh and stained preparations 
used. For the latter, one of the Romanowsky stains was employed, 

er Wilson’s or Wright's. This stains the crystals well and out- 

s the cells clearly. 

| have given a few results taken from a portion of our laborat 


ds. These are typical of the different kinds of bile 


COMMENT 

t is common knowledge that typical B bile can be obtained trot 

nts whose gallbladders have been removed. The observations « 

n and Connell *° carried out on a patient with a hepatoduodenostomy, 
out either gallbladder or common duct, are extremely suggestive. 
their patient had a duodenal fistula, they were able to watch th: 
onse of the biliary secretion to different stimuli. They obtained 
tvpical A, B and C fractions following magnesium sulphate stimu 
n and believe that this was caused by a reaction of the liver t 

presence of magnesium in the portal blood. I, on the contrary, 
ined B bile without other stimulation than having the tube in the 
denum. 


\Vith the foregoing facts before him, plus the observations 


nbridge and Dale,’ Auster and Crohn,’ Diamond® and others, D1 
\I. Jones ** asserts that B bile does not come from the gallbladde1 
he most likely explanation of its source would seem to be that it 
urred during that period of time when the flow into the duodenum 
s the most rapid after the widest opening of the sphincter of Oddi 
llowing magnesium sulphate \s soon as the relaxation of the 
denum and sphincter diminishes, the flow of bile also diminishes, 
the amount of bile pigments per unit volume of duodenal contents 
orrespondingly lowered. Subsequent fractions are therefore lighter 
color, although repeated installations of magnesium sulphate will 
duce continued increases in pigment.” 

From the observations on the hydrogen ion concentration of the 
irious fractions and the concomitant estimation of the pancreatic 
tivity in the present experiments, I cannot concur in this dilution 
vpothesis. Usually when the C bile remains clear and has therefore a 
elatively high py, a diastase reading is obtained that is practically 


26. Dunn, A. D., and Connell, K.: Hepatoduodenostomy with Observations on 
1e Lyon-Meltzer Method of Biliary Drainage, J. A. M. A. 77:1093 (Oct. 1) 1921 
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similar to or slightly less than that found in B. If the change in pig- 


mentation is the result of a pure process of dilution, surely the sanx 


action would also greatly reduce the concentration of the pancreati 


juice. \nrep, Lush and Palmer,’* and Mellanby ** have shown 


here is always a downward trend in the strength of enzyme secreted 
following a single or prolonged stimulation of secretion, and with 
marked change in color caused by dilution, a marked change in enzyme 
activity would be expected. 

lyon accounts for the dark B bile in patients who were cholecystect 
myzed by the concentration of the bile in the dilated ducts. If a rem 
of the gallbladder was left, it might hypertrophy enough to assu 
this function of concentration. The Rockefeller °° investigators 
shown clearly that the action of the duct system is one of dilution, 
that in the absence of the gallbladder, one is likely to obtain a n 
dilute than concentrated bile. 
In more than a hundred drainages I have never seen a transfer f1 


an A bile directly into a clear C bile. It always becomes the tut 


light colored bile evidently called C that can be turned into 
accustomed B simply by changing the hydrogen ion concentrat 
his of course prohibits the diagnosing of a pathologic gallbladder 
occluded cystic duct. 

So far there has been no convincing work that will definitely exp! 
the various bile fractions. \When one sees the dark viscid B bile co: 
pouring out, it is difficult not to think that it originates at least pat 
in the gallbladder. Still, in view of a great deal of the work preset 
in the foregoing, this cannot be stated as a fact, and here the quest 
must remain nnsolved temporarily. 

[he estimations of biliary nonprotein nitrogen made by 
co-workers and myself have been of no help in localizing the origi: 
the B bile; nor have we been able to find any connection between 
amount of B and the nonprotein nitrogen. When large amounts wi 
excreted, the finding of a lower nonprotein nitrogen might point 
origin in the gallbladder with considerable dilution in its passage to 
outside. This does not happen consistently. 

The question of the interpretation of sediment in the bile is a difficult 
one. Most writers seem to consider the finding of it as an indicati 
that some pathologic condition exists in the gallbladder or ducts. Many 
of them lay stress on the importance of finding it in increased amoun 

27. Anrep, G. V.; Lush, J. L., and Palmer, M. G.: Observations on Pancreati: 
Secretion, J. Physiol. 59:434 (March) 1925. 

28. Mellanby, J.: The Mechanism of Pancreatic Digestion; the Function 
Secretin, J. Physiol. 60:85 (May) 1925. 

29. Rous, P., and McMaster, P. D.: Physiological Cause for the Varied Char- 
acter of Stasis Bile, J. Exper. Med. 34:75 (July) 1921. 
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patients with cholelithiasis. That considerable quantities of the bile 


stals salts will precipitate out in the icebox is well 


as cited in the foregoing, 


known. Cholesterin 


ilso crystalize out in such conditions ; and, 
in gradually increase the precipitation of like crystals, calcium 


ate and calcium bilirubinate simply by the p1 


ocess ot gradually 


ring the py. They do not pop out suddenly. I hay 


sediment in the tubes with the highest hydrogen ion concentra 


cImen 
specimens does 


ull amount of previous alkalinization of these 


ibit the deposit of all this sediment on centrifugalization 


Perhaps the work of Rous, McMaster and Drury have con 
ible bearing on this subject. By placing small glass can 
patic or common duct of dogs with intact gallbladder, 1 


posit of small stones on the tubing. They also 


instituted con- 


is drainage by their method of placing a cannula in the duct an 


icting the bile outside after going through a U of rubber tubing 


lies in the animal’s abdominal cavity and is surrounded by 
tum. They found deposits of small stones along the glass and 
lwavs lying nearest the 


er tubing, the calcium bilirubinate deposit alw 
nd the calcium carbonate being found for a considerable way 
rile. They always 


he tube even when the drainage remained ster1 
a sediment in the bulb in which they collected the twenty 


t 


specimens. The carhonate stones are always built up around a 
rix of organic débris. They believe that there is a marked tendency 
precipitation of pigment from normal bile They also found in 
le bile, from the second to the sixth day after operation, a slight 
vn greenish, dustlike powder. Under the microscope it tends to 


Wi 


ume a spherical form, sometimes in chain form; I have at times 
nd it grouped together in a sphere having the appearance of a bile 
ned lymphoid nucleus. Just how much influence the rubber tubing 
on this tendency of precipitation of crystals from human bile is 


nown. The New York writers were unable to find any relation 


, 
d the 


tween the incidents of these nuclei or feathery crystals an 
lrogen ion concentration. I have been impressed by the association 
increasing amounts of this feathery residue with a decrease in the py. 
a serious manner any 


Whatever the cause, I cannot accept in 
ng of 


nterpretation of pathologic biliary change in reference to the finding 


Cl 
rger or smaller amounts of like pigment. In only two cases have I 


een cholesterol crystals. Even the finding of these is not evidence 


stone formations. 


30. Rous, P.; McMaster, P. D., and Drury, D. R.: Observations on 
‘auses of Gallstone Formation, I., J. Exper. Med. 39:777 (Jan.) 1924; Observa- 


ns on Some Causes of Gallstone Formation, II., J. Exper. Med. 39:97 (Jan.) 
924, 


some 











( l Ol I] | l 
\s to the possibility of obtaining bacterial growth that can be taker 
ne, but 


as representative of the infecting biliary organism, it may be di 
have any assurance that it is so requires great faith. The exami 


1e later portions of the drainage when the bile has practicall 


ation of tl 
eased to flow, and the appearance of a huge number of bacteria w 
estroy the hope in the minds of all but the most trusting. A great 
work has been done on this question by Boardman,*! who feels 
s a waste of time. Whipple,*? using an especial technic, conclud 
hat the finding of colon bacilli, the hemolytic streptococcus 
Staphylococcus aureus after stimulation with magnesium = sulp! 
designates thi true biliary origin I cannot agree with this 
atients with arthritis, when all else has been tried, the finding « 
emolytic streptococcus in the B bile fraction only may justify « 
g accine. I so in four cases. It is a short time sine 
\ ( ¢ ee eS | ( hopeful. That the bile is infected at tu 
he finding of | tes in the return of course, of great « 
stic hel In only e patient of tl series was Lamblia intes 
This leaves for diagnostic help only the finding of pus cells an 
rombi. My feeling concerning the importance of leukocytes is vat 
Certainly their appearance in the turbid C fraction is of no va 
Their appearance in a clear dark B bile of high py I think is 
ince it is so rarely seen. If this B bile is foll 


important, especially s1 
a clear transparent C bile also with a in which about 
fewer cells are found, I think that it may be of s 


same number or fe) 
liagnostic significance Bile thrombi which resembled urinary 
were infrequently seen. They 


both in size and in appearance 
\schoff *4 insists that they 


ribed by Naunyn \scl 


. those described 1 

ind in normal bile. The Rockefeller observers found them onh 

contaminated sediment. The combination of these with white bl 
lls I consider an indication of hepatic pathologic change 


CONCLUSIONS 
1. As a diagnostic procedure, medical drainage of the biliary duct 

(a) The origin of B bile is unknow: 
(c) Th 


They are 


of relatively little value: 
(b) Biliary sediment has no practical diagnostic significance. 
uppearance of white blood cells is of relatively small help. 


Boardman, W. W.: A Study of the Bacteriological Findings 
er Test, Am. J. M. Sc. 167:847 (June) 1924. 


in Preoperative Study of tl 


4 
viel 
32. Whipple, O.: Use of the Duodenal Tube 
Bacteriology and Pathology of the Biliary Tract and Pancreas, Ann. Surg. 73:55 
London, 1896 


May) 1921. 





33. Sydenham: A Treatise on Cholelithiasis, M. Soc. Tr., 
34. Aschoff, L.: Lectures, New York, 1924. 








ilue only in B bile of high py when this is followed by a C bile ot 
b,. (d) Bacteriologic studies are valueless and may lead one t 
ean incorrect estimation. (e¢) Bile thrombi have a definite pathologi 
hcance 
> Turbid C bile may be changed to a clea rk B bile b sing 
hydrogen 1on concentratio1 The converse « this ic ee 
lhe finding of parasites 1s of great importance 
t+. The total absence of biliary secretion and the presence of pat 
tic enzymes is a great help in the differential diagnosis of chole 
isis and carcinoma of the head « f the pancreas 
On account of the high pancreatic act most « : 0 
es and the production of gallstones in sterile tubes inserted 1 
ry tracts, I cannot feel that thev hav action th weil 














MINERAL SALT CONTENT OF THE BLOOD 
IN. DISEASE 


4. S. BLUMGARTEN, M.D 
AND 
GEORGE L. ROHDENBURG, M.D 


NEW YORK 


This investigation was undertaken primarily as a clinical applicatio1 
' the work of Rohdenburg and Krehbiel? on the effect of the removy 
ductless glands in rats on the salt content of the blood. The fact tl 
parathyroid deficiency is definitely associated with a low content of blo¢ 
calcium also suggested a possible deficiency of other mineral salts 
diseases of other ductless glands. 

In the course of the investigation we soon found, however, that tl 
relationship between the salt content of the blood and the disturbance 
of the ductless glands that came under our observation was not consta1 
We therefore extended the work to include all the clinical conditions < 
our disposal in the medical service at the Lenox Hill Hospital. 

We studied as controls the patients on the surgical service who wi 
i.dmitted for some minor surgical condition, such as hemorrhoids « 
hernia, and who apparently were free from systemic disease. There « 
few studies in the literature of the mineral content of the blood in eit! 
the normal or the diseased person. In order to establish normals and 
evaluate our statistics, we grouped our observations according to tl 
minimum and maximum figures obtained, since the number of patient 
free from disease was entirely too small to use as normals. We cot! 
sidered the figures which occurred in the majority of the cases as tl 
average normal. If certain diseases were regularly grouped in larg 
numbers either below the lowest level or above the upper level, thes 
figures could be considered of pathologic significance for these diseases 
If various diseases were associated regularly with constant low or high 
figures, we attempted to establish a common factor in these diseases t 
account for the abnormal figures obtained. 


METHOD 
lhe specimen of blood was obtained in the morning before breakfast. 
\bout 30 cc. of blood was taken from the median basilic or median 
From the Medical Service and the Achelis Laboratory of the Lenox Hill 
Hospital. 
1. Rohdenburg and Krehbiel: On the Relation of Certain Endocrines to the 
Salt Content of Rat Blood, J. Cancer Research 9:422 (Sept.) 1925 
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phalic vein at the elbow. in a bottle containing lithium citrate to 
event clotting. The determinations were made on whole blood because 


the desire to obtain the figures for potassium, as well as for other 


neral salts in the same specimens of blood. The sodium content 
is determined by the Kramer and Gittelman method ? and the calcium 
| potassium content by the Kramer and Tisdall method.* The magne- 
im content was determined by a method devised by Bernhard.* This 


ethod consists qf a combination of the precipitation of ammonium 
ignesium phosphate as described by Hammett and Adam,’° and the 
orimetric determination of phosphorus as described by Benedict and 
We determined the content of all the mineral salts and chlorides 
all the cases of our series. The total salt content in each case was 

tained by adding the figures of all the salts. The determinations of 

mineral salts given in the literature were usually made on different 

ups of patients, and in none of the investigations were all the salt con 

ts determined on the same patient. 

We believe that this is the first series of cases in which all the salt 

tents were determined on the same patient. 

We attempted to establish the following facts: (1) the average 

mal figures for each mineral constituent; (2) the average figures 

the total amount of salts; (3) the relation of the figures obtained 

each salt to the percentage which this constitutes of the total salt 
ntent ; (4) the relation of the various salts to one another, for example, 

relation of the sodium content to the potassium content, and the 
gnesium to the calcium content, and (5) the absolute and percentage 
ntent of the various salts and their relation to one another in various 
eases. 

We analyzed the blood of one hundred and seventy-three cases and 
termined the sodium, potassium, calcium, magnesium, chloride and 
tal salt content. After determining the quantities per hundred cubic 
entimeters of blood, we calculated the percentage that these figures 
nstitute of the total salt content. 

Sodium—The sodium content of the blood varied from 51.8 mg. per 
undred cubic centimeters of blood to 463 mg. We considered the 
verage normal to be from 120 to 180 mg. These figures were obtained 

one hundred and twenty-five of the one hundred and seventy-three 


. Kramer and Gittelman: J. Biol. Chem. 62:353 (Dec.) 1924. 
Kramer and Tisdall: J. Biol. Chem. 48:223 (Sept.) 1921. 


Bernhard, A., and Beaver, Jacob J.: J. Biol. Chem. 69:113 (July) 1926 


Hammett and Adam: J. Biol. Chem. 52:211 (May) 1922. 
Benedict and Thies: J. Biol. Chem. 61:63 (Aug.) 1924. 
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cases. Compared with Kramer and Tisdall’s* figures, our determina- 
tions are considerably lower, since the figures given in their article are 
from 187 to 195 mg. 

Potassium.—The potassium content of the blood varied from 28 to 
229 mg. per hundred cubic centimeters of blood. We considered th 
iverage normal from 130 to 170 mg., which were the figures obtained 
in one hundred and nineteen out of one hundred and seventy-three cas: 
IXramer and Tisdall,’ in a much smaller group of cases, obtained figuré 
rom 164 to 200 mg. per hundred cubic centimeters. These are consid 
ably higher than our figures. 

Calcium.—Our figures tor calcium on whole blood determinatio: 
varied from 3 to 13 mg. per hundred cubic centimeters. In one hundi 
nd fifteen of the cases we obtained figures from 6 to 11 mg. per 
hundred cubic centimeters, and we considered these as the aver: 


normal. They are somewhat higher than those obtained by Krat 


ind Tisdall* in whole blood. 

Vagnesium.—The magnesium content of the blood varied fro: 
1 to 5.8 mg. per hundred cubic centimeters. We considered the avera 
normals from 2.98 to 4 mg., which was obtained in one hundred 
eleven of the cases. 

Total Amount of Salts—The total salt content of the blood, wl 
was obtained by adding the figures for sodium, potassium, calcium <¢ 
magnesium, varied from 224 to 551 mg. per hundred cubic centimeté 


the average figures ranging from 250 to 300 mg. 





PERCENTAGE CONTENT OF MINERAL SALTS 

Sodium —The percentage content of sodium varied from 17.7 
84.2 per cent. In one hundred and one cases it was from 40 to 55 ] 
cent, which we considered the average normal. 

Potassium.—tThe percentages for potassium varied from 10.2 
78.3 per cent. In one hundred and seventeen cases the range was fro 
35 to 45 per cent, and we consider these figures the average normal. 

Calcium.—The percentage of calcium varied from 0.9 to 4.8. W 
consider the normal to be from 2 to 3.5 per cent, which were the figures 
obtained in the majority of cases. 

Magnesium—The magnesium percentage ranged from 0.2 to 2.4 
\We consider the normal figures to be from 1 to 1.5 per cent, which wer 


the figures obtained in one hundred and twenty-seven of the cases. 


7. Kramer and Tisdall: The Distribution of Sodium, Potassium, Calcium 
and Magnesium Between the Corpuscles and Serum of the Human Blood, 
J. Biol 53:241 (Aug.) 1922 
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THE RELATION OF ABSOLUTE AND PERCENTAGE FIGURES 
lhe comparison of the percentage figures with the absolute figures, 
hown in the table, indicates that the percentage of each salt content 
; not vary constantly from its absolute content; in other words, when 
content of a mineral constituent is increased or diminished, its per- 
tage of the total salt is also correspondingly increased or diminished 
tudy of the table also indicates that there is a reciprocal relationship 


tween sodium and potassium. Whenever the sodium content of thi 


id or its percentage of the total salt is increased, the potassium con- 
is correspondingly low, and vice versa. There was no relation 
veen the calcium and magnesium content. As a rule, a low magne- 


1 content was associated with a low calcium content, but this was not 


nstant phenomenon. The magnesium content, however, showed less 


1 


lency to vary than the calc 





um. 


PATHOLOGIC OBSERVATIONS 
he pathologic observations may be divided into three groups: 
diseases associated with the minimum figures, (2) diseases asso 

with the maximum figures and (3) the mineral salt content in 
ific diseases. 
dium.—V\V hile the data are not striking, ten of the cases of goite1 
hyperthyroidism were associated with a low sodium content, as 
six of the cases of simple goiter. We also find ten cases of goiter 
ng the lowest normal figures. 
Che highest figures for the sodium content were present in leukemia, 
pura hemorrhagica, and chronic nephritis with hypertension. 
(he association of the various diseases with the minimum and 
kimum figures was apparent both in the percentages and in the 
olute figures. The association of goiter with the lower percentages 
not so apparent. In the maximum figures, however, both the abso 
and the percentage determinations coincided in the various disease 


Potassium.—The lowest figures for potassium, both in the absolute and 
the percentage determinations, occurred in the cases of leukemia and 
purpura hemorrhagica, and were remarkably low. These low figures are 
probably not specific for these diseases, but were merely the result of the 
ogressive loss of blood, since both cases were extremely severe and 
the patients had considerable hemorrhage. The potassium is contained 
principally in the corpuscles, and the marked reduction in the percentage 
| potassium is probably due to the reduction in the number of the 
corpuscles as the result of the continued hemorrhage. The low potas- 
sium content was associated with a marked increase in both the absolute 


and the percentage content of the sodium. 
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MEDICI. 


Calctum.—The lowest figures for calcium occurred in carcinoma. 
In acute and chronic nephritis, essential hypertension, chronic arthritis, 
cute articular rheumatism, goiter with hyperthyroidism, epilepsy and 
gastric neurosis the calcium content was also below the normal average 
figures. 

The highest figures were found in leukemia. It is rather doubtfu 
whether this is a specific phenomenon of the disease. It is probably 
reaction of continued hemorrhage and an indication of the effort on th 


part of the body to maintain life, for which calcium, as well as sodium, is 


essential 
The occurrence of the low calcium figures in the cases of gastric 
neurosis and gastric ulcer was especially notable in the percentage figu 


ie 


enificance of the low calcium content in these diseases is rathet 


The s 
doubtful, because subsequent examinations of the calcium content 
similar conditions on blood serum alone have given more normal figur 

\agnesium.—Nearly all the carcinoma cases that we studied wet 
characterized by the lowest magnesium figures in our entire series. T! 
was apparent both in the absolute figures and in the percentages. 

The highest figures occurred in arteriosclerosis, chronic arthritis, a1 
disease of the gallbladder. These high figures may not be a specific 
phenomenon of these diseases, but merely a characteristic of old age. 

Total Amount of Salts——In the diseases in which the mineral salt 
content was considerably changed from the average normal, tendency 1 
hypermineralization, as shown by the increased salt content, was appat 
ent. The highest figures for total salt content were obtained in car 


noma, leukemia, purpura hemorrhagica and disease of the gallbladde: 


MINERAL SALT CONTENT IN SPECIFIC DISEASES 

A study of the table indicates the mineral salt content of the bloo 
in various diseases, as follows: 

Goiter—In goiter with hyperthyroidism, ten cases showed low 
figures for sodium and occasionally for calcium. There was apparently 
no relation between the basal metabolic rate and the salt content of the 
blood. The figures are probably not significant. 

Diseases of the Blood——The cases of purpura hemorrhagica and 
leukemia both showed a high figure for sodium, a low figure for calciun 
and a low figure for potassium, as well as a high total salt content. We 
do not think this is specific for these diseases but merely the reaction to 
severe and prolonged hemorrhage. 

Carcinoma.—lIn carcinoma, as is shown in the table, some striking 
figures were obtained. Nearly all the cases showed the lowest magne- 
sium figures in our series, both in the absolute content and in the 
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rcentage, as well as a tendency to hypermineralization. The low figure 
calcium, however, was apparent in only about 50 per cent of the 
SCS. 
Vephritis—All the cases of chronic nephritis showed a low calcium 
high chloride content when edema was present. Chronic nephritis 
th hypertension showed a high sodium content as well. 
Ty pertension.—In essential hypertension the figures were not strik- 
although there was a tendency to low calcium figures. 


Irtertosclerosis.—The only observation in this disease was a high 
enesium content, probably characteristic of old age 
Gastric Ulcer and Gastric Neuroses—The cases ot gastric ulcer and 


stric neuroses are grouped together, because of the similarity of the 


mptoms and constitutional manifestations. They showed a tendency 
low calcium and low magnesium content. 
In ulcer, however, both the magnesium and the calcium figures were 
v. In carcinoma only the magnesium content was low, and the calciun 
not show striking changes 

lutonomic Dysfunction—These cases showed a tendency to low 
enesium and low calcium content. 

Disease of the Gallbladder —Dhisease of the gallbladder was charac- 
ized by a tendency to a high calcium content and a characteristic lack 
ariability in the percentage of calctum. The magnesium and the total 

content were also high 

Arthritis—tIn the few cases of chronic arthritis and acute articular 
1eumatism in the series, there was a tendency toward a low calcium 
ntent. 

I: pile psy.—The few cases of epilepsy which we studied showed a low 
ignesium and low calcium content. 

In all the other diseases given in the table, the figures are normal 

not significant. 

SUM MARY AND CONCLUSION 
hundre 


1. The mineral salt content of the blood was studied in one hundred 
seventy-three patients suffering from various diseases 
2. The determinations were made on whole blood, both the absolute 


the percentage figures being determined, as well as the total salt 


I 
tent 
3. The normal figures for the various salts were as follows: 

y {bsolute Percei tage 
Sodium, 120 to 180 mg. per 100 cc....... 10 to 55 per cent 
Potassium, 130 to 170 mg. per 100 ce....... 35 to 45 per cent 
Calcium, 6 to 11 mg. per 100 cc...... .... 2to 3 per cent 


Magnesium, 2.98 to 4 mg. per 100 cc.... 1 to 1.5 per cent 
Potal salts, 250 to 300 mg. per 100 cc. 
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4. There is no variation between the absolute salt content and its 
percentage of the total salts. 

5. A reciprocal relationship between the sodium and the potassiun 
content of the blood was determined. 

6. The calcium and the magnesium content of the blood usually ran 
parallel. 

7. The most striking pathologic conditions in which a disturbance « 
the mineral salts in the blood was determined were carcinoma, leukemia 
ind purpura hemorrhagica. 

8. In carcinoma there was a strikingly low magnesium content an 
low calcium content in 50 per cent of the cases, but not so marked 
tendency toward hypermineralization. 

9. In two of the cases of leukemia and purpura hemorrhagica whi 
we studied, there was a marked reduction in the potassium content a1 
. compensatory increase in the sodium and the calcium content, whicl 
believe is probably due to hemorrhage. 

10. High magnesium contents were found in arteriosclerosis 
in other conditions which usually are associated with advancing vears 

11. Chronic nephritis with hypertension showed a low calcium 
1. high sodium content. 

12. Disease of the gallbladder showed a high total salt and 
magnesium content. 

13. There were a number of tendencies toward changes in the p1 
rtion of various mineral substances in other diseases, but we do 1 


elieve they are sufficiently striking to be significant. 





























been made with regard to its mydriatic act 


\l1lura 1m tiie inl¢ ear reported that At 7 per ce < 
rine hydrochloride produces mydriasis most people in f1 
to sixty minutes. He observed that the use « 10 per cent soluti 
ehteen patients did not cause a maximal dilatat of the pupils b 
1 ie nanent 131. ¢ . ¥ . ] ] . ] : ] 
uced sufficient dilatation for the visualization ot the retina. Dut 
lalatati lL . . . , aman +) J + 
dilatation, the light reflex is retained, and the accommodation 1s 
lwzed ~ - : ) ner 11 tr “ilar nyt + ' rT] tat 
vzed. There is no increase in intra-ocular pressure, no irritatu 


flammation after its instillation and no ill effects after prolong 


(One patient receiving three treatments daily ror fitee days 





ved no pathologic chs mvdriasis varies trot 
to twenty hours. le are more susceptible 
voung adults. The diseased ir loe seem to respond well 


soc : ; : : : 
Vriese ® published identical results in 1889. In 1895, Groenouw 
«+ ~< 1 ] : ~} 1 f 1] ? 1 ] ] ST 
irted 100 cases he studied in which the following mixture had bee 
ephedrine hvdrochloride 1 (gm homatropine hvdrochloride 
{ } wate! LU ce Phe mvadriasis wit tnis cot INnation eOINS 
g and one-half minutes, reaches its maximum in_ thirty-fo 
tes ind lasts fo rom four to six hours The accom datio 
f cee p: ip : 

t interfered with by this solutior In strong light the puy 

c f 56 mm 11 diametet 1 SIZE ifticie + " yht ult ws ni 
minatiot Ephedrine at that time cost 9 m ‘Sa 2ral (, roe! iw §s 
From the Department of Medicine, University of Wiscot 

This investigation has been made with the assistance of grant from t 
mittee on Therapeutic Research, Council on Pharmacy and Chemistry, Amet 


Medical Association 
1. Nagai, N.: Ephedra vulgaris 
rm Zt chr. 32:700, 1887; Ueber die 2g iT rr : 
Drogue Ma Huang, Yakugaku Zassi (J. Pharmaceut. Soc. Japan), 1892, n 
). p. 901 (original in Japanese) 
2. Miura. K.: Vorlaufige Mitteilung iiber Ephedrin, ein neues Mydriaticum 
rl. klin. Wehnschr. 24:707, 1887. 
3. De Vriese, A.: L’éphédrine et la pseudoéphédrine. Nouveaux 
Ann. d’ocul. 101: 182, 1889. 
4 Groenouw: Ephedrin-Hom atrop yinl6sung, ein Mydriaticum von rasch vor- 
bergehender Wirkung, Deutsche med. Wcehnschr. 21:161, 1895 
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work was reviewed by Suker °® in this country. [favorable results with 


the toregoing mixture were also reported by Stephenson ” aiter its use 


in twenty patients. All of these workers advocate its use in th 


exploration of the fundus on account of the rapid action, absence 
cloplegia, short duration of mydriasis and harmlessness. Aside t1 


its original high cost, it is not clear why ephedrine has not become 


popular mydriatic drug. Nagai‘ patented his synthetic ephedrine 
ngland, in Canada and in the United States as a mydriatic drug. 


1 1 


following the reisolation and systematic study ot ephedrine by (¢ 
nd Schmidt,> clinical investigations have led in different direct 
epending on its similar but more prolonged action than epimephi 
drochloride. One of the important properties of ephedrine as 
vered by Cook, is its constricting power on the congested nasal 
when applied locally. Fetterolf and Sponsler ° following Cook's su 


tion, found in seventeen patients that a 5 per cent solution of ephed 


sulphate shrinks turbinates. Contraction begins in from a tew 
to one minute, reaches its maximum in two and one-third minut 
lasts tor three hours and seventeen minutes. There is no nasal 
tion, as contrasted with epinephrine used locally. Dunlap?’ obtan 
raging results with the same concentration 1n nb f 
acute, subacute and vasomotor rhinitis. Fahr,’! using a 1 per 
solution, succeeded in relieving headache caused by sinusitis. 


\nother characteristic of ephedrine is its ability to relieve asthi 
: ; 
tacks, partially or completely, when taken 


Miller 272 treated thirtv-six patients, twentv-six of whom showe 


improvement (72 per cent). Thomas,’* MacDermot,’* and Pollal 
Robitschek }° claimed to have obtained the same beneficial result 





, 24, 1898 Several ot reference he ubiec 
tor 1 
7. Nagai, N Methylmydriatin: Brit. Pat. no. 120936 (1918), Can. P 
203390 (1920), U. S. Pat. no. 1356877 (1921) 
8. Chen, K. K., and Schmidt, C. F.: The Action of Ephedrine, the A 
Principle of the Chinese Drug Ma Huang, J. Pharm. Exper. Ther. 24:339 (D 
1074 


9. Fetterolf. G., and Sponsler, M. B.: Ephedrin Sulphate, the Alkaloid 
Ma Huang, Arch. Otolaryng. 2:132 (Aug.) 1925. 

10. Dunlap, A. M.: Private communication under date of Jan. 12, 1926 

11. Fahr, G.: Private communication under date of March 31, 1926 
12. Miller, T. G.: Ephedrin: Its Use in the Treatment of Vascular Hyp 
tension and Bronchial Asthma, Ann. Clin. Med. 4:713 (March) 1926 

13. Thomas, W. S.: Ephedrin in Asthma, Am. J. M. Sc. 171:719 (May 


14. MacDermot. H. E.: The Use of Ephedrine in Bronchial Asthma, Cana 


M. A. J. 16:422 (April) 1926. 


15. Pollak, L., and Robitschek, W.: Ueber die therapeutische Verwendbarke 
24 


les Ephedrins in der inneren Medizin, Wien. klin. Wehnschr. 39:753 (June 
10% 

















se and to determine tolerance by eliciting t 


fter the drug 


nt? 


tramuscularly, with few exceptions, uniformly raises blood pressure. 


e 


inutes, the average being thirty-seven and 





ry] ‘ J \ — 
MVULeE ft UV MT Liv iigcd IO/ 


ordance with the same principle, Gaarde and Maytum’® treated 


venty-ftour patients who had ragweed hay-rever, and recorded complete 
; 4¢ 
ef in one-hali 
The purpose ot the present investigation was 1) to learn the 


iective and subjective effects after the internal administration of 


edrine, (b) to make an ophthalmologic study with ephedrine and 
to ascertain the results of treatment of bronchial asthma wi 
lrine. The drug used was in the form either of sulphate or of hydro- 
ride, made in 1924 under the supervision of one of us (K. K. C 
rule, no distinction is made between sulphate and hydrochloride, 
ough theoretically the hydrochloride (containing 81.9 per cent 
edrine) may be slightly more powerful than the sulphate (containing 


& Sass 
per cent or epnedrine ). 


OBJECTIVE AND SUBJECTIVE EFFECTS 0O EPHEDRINI 


n order to determine the effects of ephedrine given internally, 


one patie Vho were willing to coope { \ S were Sele e¢ 
y-seven of them were males, and tourtee temales The ages 
from 10 vears to 71. The majority were young adults rhe 
ents in cases 1 to 5 were Chinese, in case 41 a negress; the re 
re Caucasians. All persons with heart disease, except two (cases 24 
25), were eliminated from this series. Sev | asthmatic itients 
studied during their attacks; others were free from attacks. Most 
ese patients were confined to bed for some time, although a few 
e required to stay in bed only during the period of observation. 1] 


dispensed 


n capsules for oral administration unless otherwis« 


+4 ] e . 1 - 1 ] . oe 2onrie +s} * 

ited, was not given until several blood pressure readings, taket 
umbent position, were about constant and agreed approximately wit 
se of preceding days. The dosage of ephedrine was variable: 11 


cases it was large in order to establish the maximal therapeutic 

mild toxic symptoms 

vas given, the blood pressure was measured and 1 
] 


a 


Ss 


ilse rate counted at ten or fifteen minute intervals during the first hour. 


one-half to one hourly intervals thereafter. Only those subjective 


nptoms volunteered by the patient were recorded. The results of our 


y-eight observations on forty-one patients after a single dose had 
en taken are summarized in table 1 and further condensed in table 2. 


It should be noted that ephedrine, when given by mouth or injected 


he onset of the rise of the systolic pressure after oral administration of 


drug varies considerably, from fifteen to one hundred and twenty 
, 


one-half minutes. Thi 
Gaarde, F. W., and Maytum, C. K.: The Treatment of Hay-Fever with 


\m M. Sc. 172:588 (Oct 192¢ 
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aximum rise occurs in one hour and forty minutes; the shortest time 
which this is attained is one-half hour and the longest six hours. 
he pressure begins to fall in three hours and fifteen minutes; the 
rtest time in which this occurs is one hour and the longest seven. 
he duration of the rise of blood pressure in our series was not deter- 
ined exactly, because it was inconvenient to follow the changes in 
essure until the patient had completely recovered; it was especially 
onvenient to make these determinations at night. The average dura 
is approximately five hours and nine minutes. After intramuscular 
jection, the rise of systolic pressure frequently begins within ten min- 


As shown in our limited number of observations the pressure 


nues to rise about as long as when the drug is given by mouth. 
Taste 2—Summary of Ta 
Dos I nM 
mi 1K) 0 (Inel. 1 
1 observations 

e rise of systolic blood pressure I Hy ) s 
r of observations in which toxic svinptoms o¢ 
oresis 








e€ maximum rise varies greatly, but the average of all our determina- 
loes not seem 


reatly, although in the group of four smaller doses 


ns was 28.5 millimeters of mercury. Increase in dosage « 
increase the rise g 


50 to 80 mg.) case 2 is more of an exception than a rule, which makes 


ts average higher than it really should be. Occasionally the systolic 


l 
ressure falls following a primary rise (cases 12, 29 and 41), or rises 

lowing a primary fall (cases 13 and 20); rarely, it simply falls 
(cases 25, 28 and 34). 

The diastolic pressure as a rule is also increased, but the onset of this 
rise appears to be slower than that of the systolic pressure, the average 
period required being fifty-five and one-half minutes. The average maxi- 
mum rise is 12.5 millimeters of mercury. In seven instances (cases 8, 9, 
16, 19, 20, 36 and 40) the diastolic pressure fell before it rose; in four 

















instances (cases 14, 17, 27 and 29) it fell following a primary rise, a1 


six Instances it fell (cases 12, 18, 25, 28, 34 and 41). 


he pulse rate may be increased or decreased during the rise o 
pressure. The average time in which it changes from the original 
ate is fifty-four minutes after the oral administration of the drug, tl 


extremes being fifteen minutes as the shortest time and one hundre 
nd twenty minutes as the longest time. It returns to the original rate 
t about the same time that the systolic blood pressure returns to its owt 
level. In twenty-four persons whose pulse rate was more than 80 


ute, fifteen had an acceleration while nine showed a_ slowi1 


Similarly, in nine persons whose pulse rate was 80 or less a minute, 


seven the rate was increased and in two decreased. It seems that cardi 
stimulation by ephedrine frequently overcomes the vagal tone 
| {dani ra ft ine S } Case 15 
Bloc 
te ime Pressur¢ Re ks 
6 | 2% 82-60 Dyspnea and ortho} 
& 2 78-64 Rales in the chest 
z Ephedrine therapy beg 
88-76 
6 04-72 
rt 102-78 Comfortable, chest cle 
98-78 
80-62 Urine showed albumin and casts 
ROH 
; Very tired; rales in chest; urine free f ilk 
734 104-76 
6 86-72 Chest clear 
14/2¢ 90-74 Marked improvement 
5 4-74 
6 S8-68 Improvement continued 
7/2 98-76 Patient lay flat on back; chest 
18 /¢ 104-80 
19/9 88-66 Ephedrine stopped 





hree of our patients who had hypotension (cases 11, 15 and 21 


two with asthma and one without asthma—were given ephedrine at ir 
juent intervals for a considerable length of time, in the hope of elevatin 
their blood pressure and maintaining the higher pressure. The result 
in two were practically negative. The slight elevation in the third show 
in table 3 was probably due to the improvement of his asthmatic condi 
tion under ephedrine therapy. 

Case 15.—Beginning Jan. 8, 1926, at 10:50 a. m., T. W., aged 38, afflicted wit 
bronchial asthma and arthritis deformans, was given 150 mg. of ephedrine sulphat 


by mouth every three hours, day and night, for the first eight days. The dos« 


thereafter varied. 

At the time of discharge, this patient had received a total quantity of moré 
than 11 Gm. of ephedrine sulphate. Laboratory reports recorded no additional 
pathologic conditions caused by the use of the drug. While such massive doses 
are not to be advocated for general use, this experiment is reported here only t 
show the low toxicity of the drug. 





With regard to the untoward symptoms after the administration of 
ephedrine, both objectively and subjectively, the dosage is undoubtedly 

















mportant factor. In eleven cases, electr 





ifferent intervals after the administratin of ephedrine. Seven of the 


2 ] . e } ] + 147° > Pa. nse ] 1,4,] 
nts presented no changes, while four (cases 16, 19, 25 and 26) had 
] 4 + . he - . q - . ] - - ’ . } ‘ 7 > 17 7 ?17T) ay 
isystoles Ot ventricular or auricular origin; these were more numel 


¢ t Se ee re. . 1 coal — on 
a patient with chronic myocardius (case 25) 1n whom the systoil 


pressure fell 30 millimeters of mercury. In case 26 the patient 
eloped a paroxysm of tachycardia (rate 196 a minute), possibly du 
erdosage It lasted for only a few minutes but was alarming 
rocardiographic records were not taken. On questioning 
said that he had had attacks of tachveardia like this previously 


patient who had auricular fibrillation (case 24) and who was in a 


il condition, ephedrine raised arterial blood pressure, lower¢ 


is pressure and stopped the hiccup. The woman died twenty 
following the administration of the drug. Necropsy showed sub 
hragmatic abscess and extensive mesenteric thrombosis constituting 
iuse of death. It should, however, be borne in mind that the dru 
be administered with extreme caution to patients with cat 
lar diseases. The danger of dislodgement of valvular vegetations 
ombi,and of the rupture of sclerotic vessels during the cardiac stim 


mn and the rise of blood pressure, is too obvious to require comment. 


les, increasing doses of ephedrine may depress the heart, especial 

se of marked deficient circulation as already shown in animals 
and Meek.’* The fall of systolic pressure in a few of our patients 

bably an indication of this fact. 

rom table 2 it will be noted that one or more untoward symptoms 

rred in eleven of nineteen observations (58 per cent) with a dose 
200 to 400 mg. of ephedrine; in fourteen of twenty observations 
per cent), with a dose of 150 mg.; in four of fifteen observations 
7 per cent), with a dose of 100 mg.; and none in four observations 
1 a dose of from 50 to 80 mg. Objectively, the common signs are 
phoresis, tremor, extrasystoles and tonal arrhythmia, while those of 
frequent or rare occurrence are tachycardia, restlessness, and 
lriasis. Subjectively, the common symptoms are _ palpitation, 
trembling, weakness, sweating, feeling of warmth, chilly sensation, 
usea, vomiting and dizziness, while those of less frequent or rare 
currence are nervousness, headache, insomnia, dyspnea, a tired feeling, 
thirst and drowsiness. Tonal arrhythmia, extrasystoles and palpitation 
lay appear as soon as the systolic blood pressure begins to rise, and 
hecome more pronounced as the blood pressure reaches the maximum. 
Tremor, perspiration, feeling of warmth, chilliness, gastric distress and 
ther symptoms usually do not occur until the blood pressure attains 
the highest level. Frequently subjective symptoms are aggravated by 


17. Chen, K. K., and Meek, W. J.: Further Studies of the Effect of Ephe 
drine on the Circulation, J. Pharm. Exper. Therap. 28:31 (July) 1926. 
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meals (our patients were allowed to sit up to eat their meals). All th 
untoward symptoms begin to abate shortly after the blood pressure 
begins to fall, and to disappear as the latter returns to its normal level 
In a few instances, the patients say that they are tired or weak after all 
the symptoms have disappeared. This sensation may persist for a few 
hours. 

[t is interesting to note that perspiration caused by the use of ma 
huang, firmly believed by the Chinese and described by Li Shih-Cheng 
in his Pentsao Kang Mu,’ although not experimentally proved in ani 

als, has been clinically confirmed in a number of our cases 

Our other laboratory reports are not of sufficient value to be men 
tioned here. It may well be pointed out that Miller’’ and Rowntree ai 
Brown *° have demonstrated the increase of metabolic rate aftet 
administration of ephedrine, and Starr?! has shown a transi 
ibuminuria in certain cases which is due to renal vasoconstrictiot 

it to intrinsic injurv of the kidney. 


AN OPHTHALMOLOGI( STUDY O} PILEDRINI 


The mydriatic action otf the following six aqueous solutions 


studied and compared in men: 


(a) Ephedrine sulphate 10. per cent 
{ Ephedrine sulphate 10 per cent / 
| Homatropine hydrobromide 0.1 per cent § 
) Homatropine hydrobromid 0.1 per cent 
d) Homatropine hydrobromide 2 per cent 
>) § Ephedrine sulphate 10 per cent | 
) Atropine sulphate 0.1 per cent § 
\tropine sulphate Q.1 per cent 
These solutions were all freshly and quantitatively made. A seri 


sixty-three patients who had normal eyes was selected, that is, patiet 
who had no ocular inflammatory diseases. The majority of them remain 
in bed during the period of observation. In each case, 1 or 2 drops 
one of the solutions was instilled into one conjunctival sac. The patient 
was requested to close the eves for from 5 to 10 minutes after appl 
cation. The transverse diameter of the pupil was measured by a set 
rated rule as shown in figure 1 every ten or fifteen minutes during the 
first hour, and at hourly intervals thereafter. When the diameter of the 

18. Li, Shih-cheng: Ma Huang, Pentsao Kang Mu, 1596, chap. 15 (in 
Chinese). 

19. Miller, T. G.: A Consideration of the Clinical Value of Ephedrine, Am 
J. Med. Sc. 170:157 (Aug.) 1925. 

20. Rowntree, L. G., and Brown, G. E.: Ephedrin Therapy in Addison’s Dis 
ease, Endocrinology, 10:301 (May-June) 1926. 

21. Starr, I.: The Production of Albuminuria by Renal Vasoconstriction 
Animals and in Man, J. Exper. Med. 43:31 (Jan.) 1926. 
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MIDDLETON-CHEN 
pupil was measured, the patient was directed to look at a fixed distant 
object ; otherwise a hippus may develop. The light reflex was tested 
an ordinary flashlight with a two cell battery held in front of the 

it a distance of about 5 cm. In several cases, the near point was 
with Jaeger’s test type 2 on a Prince’s rule for the condition ot 
mmodation. When a solution was studied alone, the entire dura- 

f mvdriasis was recorded as soon as the pupil of the treated ey 





oe 
a A A / \ /\ / A 
4 U \ VU /\ \i \/ \ 
\ serrated rule measuril g the insve ( pup 
led that of the control eye. When a solution was compared witl 


ther in the same subject, the duration of mydriasis of the weaker 
was determined when the pupil under the flashlight returned to the 


size as before instillation, while that of the stronger one was dete 


‘d when the pupil equaled that of the fellow eye. The results ar 
ared in table 4. 
Taste 4.—Comparison of Mydrtasis with Different Soluti 


Time Required fo1 Mean V 
Maximal Dilatatic f 














Pupil After an t 
Solutior Instillat Diffuse Daylig ft My : 
1-6 minutes 7.5 m1 6% hours 
b 3040 minutes 8.0 s 
c 69 Thinutes o s = 
l 30-60 minutes 7 1 s 
A) 1 8.( by S 
f 10-60 1 78 29 
Mean value is the average of the two or three central figures of the rrange 
cally. 


With a 10 per cent solution of ephedrine sulphate (a), twenty-tw 
servations were made. The solution is only slightly irritating. The 
itient may complain of smarting or burning and a little lacrimation, 
ll of which last for a few seconds. When the solution came in contact 
vith the swollen turbinates in a few patients through the lacrimal duct, 
relief from the obstruction was felt. If it gains access to the mouth, 
bitter taste is experienced. No conjunctival injection has been seen 

\Ivdriasis definitely begins, in the majority of cases, within from fifteen 
to thirty minutes; in a few, within ten minutes. The maximum dilata- 
tion is attained between from thirty to sixty minutes; in seven it 
occurred within thirty minutes. The size of the pupil during maximum 
mydriasis depends on the individual and on the weather. In ordinary 
diffuse light, with no sunlight penetrating the room and with the patient 
not too close to the window, the diameter after ephedrine varies from 











.> to 9.5 mm. Under the flashlight, it contracts to 5.5 to 7 
whereas the pupil of untreated persons measures from 2 to 4 mn 
\With the ordinary May ophthalmoscope, the pupil contracts to 


from 6.5 to 8 mm., and the retina can then be examined satisfactoril 


In no case 1s there any interference with accommodation. The mydriasis 
begins to fade away trom one to three hours after the instillatior 
disappears completely in trom three to nine hours, the average bei 
approximately six and one-fourth hours. Only in exceptional cases 


1 1 1 as : 
phedrine tail to produce mydriasis 





By the addition of 0.1 per cent homatropine hydrobromide t 
per cent ephedrine solution (/), mydriasis seems to have an earlier ons 
In the majority of twenty-four cases observed, mydriasis began wit 


from ten to fifteen minutes and reached the maximum dilatation wit 


from thirty to forty minutes. Compared with effects of a 10 per « 
ephedrine solution alone, the mixture as a rule produces a greater dilat 
tion by from 0.5 to 1 mm., so that a better view of the retina is obtain: 
In four instances the dilatation following the use of the two soluti 
was equal; and in four other instances the pupil after the administrati 
ephedrine was larger than after the use of the mixture. Close r 
ing is possible under the ephedrine-homatropine combination, and 
light reflex present but sluggish. The mydriasis begins to wear off 
from two to four hours, and disappears completely in from four 
twenty-two and one-fourth hours (average twelve hours) after the tit 
of instillation 
A comparative study of this mixture with 0.1 per cent hematroy 
lution (c) 1s also important in order to determine any summatio1 
tiation between ephedrine and homatropine. Groenouw did 
contro 


at 


1 his series with this solution. In our five observations, it w 





found that homatropine of that concentration also produces a mydrias 





which begins in from twenty to forty minutes, and lasts from five 








seventeen and one-half hours (average eight and three-fourth hours 





after the application of this solution. The pupil during maximum dilat: 


tion measures from 0.5 to 2 mm. less in diameter than it does followin 





the use of ephedrine-homatropine mixture, which sometimes permits 





eood view of the eyegrounds. ‘There is no cycloplegia or absence of 





light reflex. The combined action of ephedrine and homatropine in th 





‘ 


concentrations given here is probably a case of “deficient summation.” *° 





\ 2 per cent solution of homatropine hydrobromide (d), the commot 





form of eye drop, in our nine observations showed that the mydriasis 





begins almost within ten minutes, reaches its maximum in from thirts 





to sixty minutes and lasts for from twenty-four to one hundred and 





four and one-half hours. Patients invariably complain of blurring 





vision. The light reflex is abolished for an hour or longer. 














\ Manual of Pharmacology, ed. 2, 1922, p. 96. 
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is clear from the foregoing data t | 
the addition of homatropine as shown in the prescribed formulas, 
serve as a convenient, harmless and efficient mydriatic for the oph 


oscopic examination of the fundus. The 10 per cent ephedrine 


should be especially useful in those glaucomatous cases in whicl 
ine or homatropine is contraindicated. It does not cause drying 


resultant desquamation of the corneal epithelium, as is frequentl 





fter the use of cocaine. The eph solution is stable to light 
heat and standing, while the ephedrine-homatropine mixture ma 


g, 
. black sediment in two weeks, probably denoting the deterioratio1 


| matropine. In our medical wards, the ephedrine-homatropir 








nation is used in voung adults and children, but ephedrine alone 11 
patients, for the routine study of the « eg! nas the e! 
Ss ze kd, y ! S 
Oculus Dexter: Transverse 
After Instillatior Diameter of Pupil in Mr 
ours Minute Day Bright Light g 
0 F 4 4 
sy c lore he ti ri ss 
3 
: , 
3 
1 at id ( , I nose < I < 
he combination of a 10 per cent ephedrine solution with 0.1 per cent 
nine sul yhate ) resent on interestine nhen meno}! T} ’ mix- 
pin upha ( presents an interesting phenomenon. his m 


» produces a mydriasis, beginning in from five to thirty minutes, fre- 


~ 


‘ntly within ten minutes, reaching the maximum in from thirty t 
minutes (average fifty-four minutes), and lasting from eleven t 
nety-six hours (average thirty-two and three-fourths hours) after 
tillation. There is brief paresis of accommodation and disappearance 
light reflex. The pupil during the maximum mydriasis is larger, by 
rom 0.5 to 2 mm., than that after the use of a 10 per cent ephedrine 
olution alone and also frequently larger than that after the use of 
2 per cent homatropine solution. Dilatation of pupils with this mixture 
is probably maximal. The interesting phase occurs when the mixture 
is compared with 0.1 per cent atropine solution (f). Tables 5 and 6 
giving the results in two of our twenty-four observations may be taken 


is typical examples. 






































vhich it was used 


‘rom 50 to 100 mg., but 1 


etween 


seen that the mydriasis, after the administration of O.1 pet 


nt atropine solution, is slower in its onset and development, but muc!l 


re persistent than that after ephedrine-atropine combination. Ther 
lso more extensive paresis, and slower return of accommodatio1 
he s operandi of this phenomenon is not clear at present. Apy 


tly there is svnergy between ephedrine and atropine in the speed 


e of pupillary dilatation, but antagonism with reference to cyclople 
| duration of mydriasis. It is hoped by further study that practic 
ise mav be made of this phenomenon in refraction by finding a suitable 
ncentration of atropine, possibly homatropine also, sufficient to 
uce complete cycloplegia with the addition of ephedrine to sl en t 


n of eveloplegia and mydriasis 
VUyd zu dri ropu 
cn s D Oculus S ste 
S Ss 1 t I erse Diamete 
I Mi Puy n Mn 
S ‘ N e —~ Ne 
Br Point Bright Pr 
M g I ( geht Light n ( 
Solutic per Solut pe 
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4 H ( s * r 
ti I ose s art tis defor 
} ( BRONCHIAL ASTHMA WITH EPHEDRIN 


1 . - 1 1 - 
test the ethecacy ot ephedrine in the treatment ot broncli 


ve patients were studied. This group was an unselect 


hich the duration of the condition ranged from weeks to a 


1e frequency of the attacks, from once a year to a 
| the duration of the attacks from a number of hot 





otherwise stated, for the 





The drug was given by mouth, unless 


ose of controlling the paroxysms of asthma, except in two case 


as a prophylactic. The dose employed by us w 


it in a few cases it was larger, as mentioned 


doses was arbitrary, depending on 


nd the severity of the condition, but in no case was the d 








the foregoing, in order to establish maximum therapeutic dose and als 
the tolerance as manifested by mild toxic symptoms. The interval 


the tolerance of the pati nt 


rug given more 



































uently than every two hours the duratu ( ( 
considerably, depending on the condition and indications 
recording the progress in these cases, a conservative attitude w 
. | ] 1 4 
Che psychic factor of the patients was carefully considers 
11 : ] 
reasonable and convincing statements were accepte In seve 
] - . . 7 . 1 Ms ) > 12 , - , ] has ] 
hypodermic injections of epinephrine were used, t they w 
atin i mnseihto i nae Ee eA 
withnel ds 10TI2 a WOSS he In ordcel l a epiied!i ( 
lt the administration ot ephedrine was « useles 
I attacks, the ] ( as ] i e unattecte - 
1ust be contessed that our experience with ephedrine in the tre 
1 ¢ mH ~¢ nt p se ] : 1 . . r ] 
isthiima at present 1s limited. [here are a rew cases, |! WV 
h the benefi effects are unmistakabl e resul ( 
e summarized in table 7. In this group t paroxysms 
sthma were ontrolled 1n nine instance sO De cent €1 
as : : , 
S Th Dee ee I were l DV eT edril t SEVE ¢ 
Bale > 
total ven ve m be classed as ( ( l 1S¢ 
ne. The remaining number showed sive 9 
\ © baad ‘ 4 +] ' 
IN apparent rel eX1istsS DetTwee Chie S 
veritv, and the response to ephedrine, nor is the appa ( 
; : 
p between the spec allergic basis ( ( ses whe S 
is ee der ae ate wibiestet Byittacnnt 4 , 
ieter! ed) and IT reaction to ephedrine iJ1irerent ) S 
Y | tt Y ’ 7 mti} Y ? 7 
ent ive different susceptibility toward é eke ~a 
( 5) was alwavs comtortable : r doses o om 20) 
1 t trequent intet1 Ss, While another se 4 mplait 
e headache which was just as bad as not worse tl 
tic atta even though ephedrine gave her relief on several oc¢ 
: 
his patient had similar but more pronounced d mfort wit 
rin In several instances, 1t appears that epinephrin« r 
4 a 1 
e attacks when ephedrine fails. Such a difference of action is 1 
{ } 7 ) ] , It 2 n 11 Sch ict n 14M P 
ected trom the results ¢ 11¢ an chmidts conciust 
t epinephrine is a stronger bronchodilator Cases 52 and 5 
to indicate that the arug Cai be used as a prophylactic ‘ st 1 
_ ° ‘ , ates ] wi - ¢ e £ ¢ les 1 
rrence of expected attacks. The advantages of ephedrine as a dru 
» C7 in \ ‘| ich 7 nrodiuce finite imnr ment are hvion 
se cases 1n which 1t produces dennite improvement are obvious 
oy ee . F mel ae _— > 7 > - . . 1. ] . ] 
ctiveness of administration by mouth, relatively low toxicity and the 
+1 : a+ ] 3. P wie £ - ¢ heen ‘ 4 
that it can be used as a substitute for epinephri at least in mil 





The following case occyrring in a physician, because of the accurac 
the report, is described here as a type of the subjective reactions 
1 


though the response has not been as spectacular nor the relief as c 


te as in others of this group: 


sE 52.—W. C. J., aged 41, a white man, unmarried physician, complain 


sthma of thirteen vears’ duration. Fourteen years ago, a marked nasal obstru 





1asal operatior 
SS ee 
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ightly paroxysms of coughing. Dyspnea occurred and became more and m 
an ethmoiditis developed, and all the sinuses became involve 


severe. Coincidentl 
freedom from asthma varying 


With the exception of occasional periods of 
few days to several months, the paroxysms recurred practically daily 


severity they varied from slight wheeziness to attacks accompanied by prot 


dyspnea. As a rule, at night the attacks continued for from one to tour ly 
Coryzal attacks as a rule were succeeded by acute bronchitis, and bronchial cast 
th such acute respiratory infections there was intense 


No evidence, either cl 


were produced. W 
ilmost continuous dyspnea for from three to five days 


laboratory, of an alergy was found, and it was concluded that the asthma 


lary to sinusitis and bacterial initection. Sod 1 iodide was given 


» 20 grains (0.3 to 1.3 Gm.) a day. W 


hen the patient has had s« 
hydrochlor 


been given subcutaneous injections of epinephrine 


from 0.5 to 0.75 cc. doses, until a disturbing degree of tolerance has ri 


Moderate doses of epinephrine have been ineffective in controlling the atta 
al inhalations of stramonium, belladonna and potassium nitrate 


Acetylsalicylic acid has 


ful in controlling the more severe attacks 
y decreased the intensity of the dyspnea, when an acute respiratory 
has initiated the attack. Morphine, used only twice, has had b 
effect. At times bacterial vaccines, both autogenous and stock 
be beneficial, but the results have been inconsistent 
Over a period of six months ephedrine sulphate has been used in doses of 
The patient has thus descr 


50 to 150 mg., administered in capsules by mouth 
ion of the drug. “The effect of the drug is first noticed about one 
ter administration and consists in a sudden increase in the force of the li 
becomes very noticeable to the patient. The forcible heart acti 
two or three hours, and may be noticed to a lesser degree for tw 
Soon after the effect on the heart is first noticed, there 
The relief is much less prompt and less marl 


Complete relief has be 


three hours more 
gradual relief of the dyspnea. 
than after administration of epinephrine hydrochloride 

obtained with ephedrine only in attacks of slight or moderate intensity. In seve 
id on several such occasi 


attacks the effect of ephedrine has been slight, a 
no perceptible relief has been obtained 

“During the height of the effect of the drug there is an apparent ge 
increased muscular strength and energy 
As the effect of ep 


stimulating action, with sensations of 
more than can be accounted for by relief of the dyspnea. 
drine wears off, the period of stimulation is followed by one of weariness 
relaxation—often with a desire to sleep. When there has been a regular re 
rence of asthmatic paroxysms every night, a dose of 50 mg. of ephedrine 
bedtime has on several occasions prevented the expected attacks, but this has 1 


arenint 1e | 
account of the 


been tried for more than a few nights in succession o1 
quantity of the drug available.” 


CONCLUSIONS 
We have concluded, from fifty-eight observations on forty- 
patients, that ephedrine in the form of sulphate or hydrochloride, whe 
given by mouth (in six observations the drug being injected intr 
muscularly), in varying doses, causes an average rise of systol 
blood pressure of 28.5 millimeters of mercury. The average duratio1 
of this rise is approximately five hours and nine minutes. The diastol 


pressure, as a rule, is also elevated. The pulse is more frequentl 
accelerated than it is slowed. 
The therapeutic dose advocated for oral administration 


4 grains. 


from 60 to 90 mg., or from 1 to 1! 
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(he common untoward symptoms from larger doses, objectively and 
ubjectively, are: diaphoresis, tremor, extrasystoles, tonal arrhythmia, 


ilpitation, weakness, a feeling of warmth, chilly sensation, nausea, 


niting and dizziness. Others of less frequent or rare occurrence are: 
hycardia, restlessness, mydriasis, nervousness, headache, insomnia, 
spnea, tired feeling and drowsiness. The drug should not be used 
hout extreme caution in cases of cardiovascular diseases or markedly 
icient circulation. 

\ 10 per cent solution of ephedrine sulphate, or the same concentra- 

with the addition of 0.1 per cent of homatropine hydrobromide may 
used locally as a mydriatic for routine ophthalmoscopic examinations 

former is probably more adaptable in elderly people, while the latter 
uitable for adults and children. These solutions produce rapid 
driasis ; they do not produce undesirable effects or cycloplegia. 

\ 10 per cent solution of ephedrine sulphate with the addition of 0.1 

‘ent atropine sulphate produces an almost maximum dilatation of 

pupil with a brief paresis of accommodation and disappearance of 
light reflex. The mydriasis effected by 0.1 per cent atropine sulphate 
ne is slower in its onset and development, but much more persistent 

1 the ephedrine-atropine combination. There is also more extensive 
resis and slower return of accommodation. Ephedrine seems to show 
ergism for atropine in the speed and size of pupillary dilatation, but 
tagonism to atropine with reference to cycloplegia and duration of 
vdriasis. 

Ephedrine, in a group of twenty-five unselected patients with bron- 
ial asthma, controlled the attacks in nine instances and caused improve- 
nt in eight other cases, but showed inconclusive or negative results in 

remainder. 

Our indebtedness is due to Drs. Henry E. Meleny and George A. Harrop for 

interest in the study of the Chinese patients at the Peking Union Medical 
llege Hospital; to Dr. F. A. Davis for his assistance in the ophthalmologi 

: to Dr. Edwin D. McKinley for his assistance in the observation of several 
es; and to Miss Dorothy Reid for her assistance in electrocardiography 

APPENDIX 

While this paper was in press, the following articles on ephedrine 

peared in German literature: 

Hess, F. O.: Ueber Ephedrin, Miinchen. med. Wehnschr. 73:1691 (Oct 
1926. 

Kammerer, H., and Dorrer, R.: Kurze Mitteilung iiber die Wirkung des 

phedrins-Merck auf Asthmarkranke, Miinchen. med. Wehnschr. 73:1739 
(Oct. 15) 1926. 

Heller, E.: Selbstbeobachtung tiber Ephedrin Merck bei Asthma bronchial 
Die Therapie der Gegenwart 67:567 (Dec.) 1926 

Jansen: Ueber Ephedrin, Klin. Wchnschr. 5:2402 (Dec. 17) 1926 

Kreitmair, H.: Die Wirkung von Ephedrin-Merck auf den experimentell 
rzeugten asthmatischen Anfall, Klin. Wehnschr. 5:2403 (Dec. 17) 1926 




















A COMPARATIVE STUDY OF EPHEDRINE, PSEUDO- 
EPHEDRINE AND ~B-PHENYL-ETHYLAMINE 
WITH REFERENCE TO THEIR EFFECTS ON THE PUPIL 

\ND ON THE BLOOD PRESSURE * 
K. K. GHEN, <Ph.D. 
Previously Dr. Meek and I? made a comparative study of ephedrine, 


tyramine and epinephrine, with special reference to the circulation 





made the assertion that the stability of ephedrine to physical and chen 
ical agents, and that its persistence of systemic action when taken 
mouth, are chiefly caused by the absence of the hydroxyl group in 
benzene ring. A similar opinion is also shared by Kendall of the M 
Clinic.” If, however, this were the only factor, the same would 
expected to hold for B-phenyl-ethylamine, C,H,,CH.,CH.,NH., and 


identical effect expected from pseudo-ephedrine, which has the s 
structural formula but an opposite optical rotation (Dextrorotatory 
both of them being devoid of phenolic hydroxyls. The present stud 
undertaken to test whether or not this assumption is true by compar 
he mydriatic action of these three amines in animals and in man, 
their pressor action in dogs and in man. 

Before the presentation of the results, it may be helpful to giv 
brief account of the physiologic studies made by previous workers 
3-phenyl-ethylamine and pseudo-ephedrine. The former has be 
recognized as a sympathomimetic amine by Barger and Dale. 
work of Barbour and Frankel ¢ on the heart suggests strongly its reset 
blance in action to ephedrine, as reported by Chen and Meek.5 Sm 
loses stimulate, but large doses depress, the mammalian heart. Usii 


Departments of Medicine and Pharmacology, Universit 


investigation has been made with the assistance of a grant from 
n Therapeutic Research, Council on Pharmacy and Chemist 
Medical Association. 


1. Chen, K. K., and Meek, W. J.: A Comparative Study of Ephedrit 





Tyramine and Epinephrine with Special Reference to the Circulati 
J. Pharmacol. & Exper. Therap. 28:59, 1926. 

2. Rowntree, L. G., and Brown, G. E.: Ephedrin Therapy in Addis 
Disease, Endocrinology 10:301, 1926. 


, 


3. Barger, G.,, and Dale, H. H.: Chemical Structure and Sympathomim«e 
Action of Amines, J. Physiol. 41:19, 1910 

4. Barbour, H. G., and Frankel, E. M.: The Action of Phenylethylamin 
the Heart, J. Pharmacal Exper. Therap. 7:511, 1915. 

5. Chen, K. K., and Meek, W. J.: Further Studies on the Effect of Ephedrit 


n the Circulation, J. Pharmacal & Exper. Therap. 28:31, 1926. 
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eudo-ephedrine, DeVriese ® observed that a 10 to 12 per cent solution 
en applied locally to the eye of man produces, in from thirty to thirty- 
e minutes, mydriasis which lasts for from six to nine hours. There are 
secondary effects after a single instillation, nor after its prolonged 

, and no changes in intra-ocular pressure. Gunsburg ‘ in an extensive 

dy on animals and on 120 patients, presented evidence that the 

ydriasis produced by pseudo-ephedrine is possibly caused by the 
npathetic stimulation, Fuji* recently made a comparative study 
pseudo-ephedrine with ephedrine; he came to the conclusion that 

udo-ephedrine, like ephedrine, stimulates the sympathetic nerve end- 

but, unlike ephedrine, acts on smooth muscles in small doses. 

all probability, pseudo-ephedrine is a sympathomimetic amine. Fujii’s 

showed that the mydriasis of the enucleated frog’s eye after the 


inistration of ephedrine is greater than that after the administration 
pseudo-ephedrine, and that the rise of blood pressure in rabbits 
owing an intravenous injection of ephedrine is higher than after 


ido-ephedrine similarly administered. 


EXPERIMENTAL WORK 


Relative Effects on the Pupil—The B-phenyl-eth 


lWiamine Was svi 


sized for this experiment by Dr. C. H. Kao according to the method 


cribed by Noyes * from the reduction of benzyl cyanide by means 


- 
tallic sodium in absolute alcohol. Its hydrochloride melts at 216.5 
rees corrected. The pseudo-ephedrine hydrochloride (m. p. 180.5 
rees uncorrected, 182.5 degrees corrected) was purchased fron 
Merck, Darmstadt, Germany; and the ephedrine hydrochlorid 
p. 216 degrees corrected) was prepared in 1924 under my super- 
Che solutions of B-phenyl-ethylamine hydrochloride, varying fron 
to 10 per cent, are clear and stable but show a slight sedimentatio1 
er standing for two months. At the end of this period, however, 

are almost as potent when injected into animals as when freshh 

‘ 


de. The 20 per cent solution is slightly turbid. The solutions of 
udo-ephedrine hydrochloride behave similarly to those of ephedrine 


St 
ee } 


lrochloride; that is, they are stable to air, light and 
When the solutions of 8-phenyl-ethylamine hydrochloride, varyit 
m 1.6 to 10 per cent, were instilled into the eves of rabbits and kittens, 


6. DeVriese, A L’éphédrine et la pseudoéphédrir nouveau m\ 


d’ocul. 101:182, 1889 
7. Giinsburg, F.: Ueber Pseudoephedrin, Virchows Arch. f. patl At 


124:75, 1891 
8. Fujii, M.: Ueber die pharmakologischen Wirkung 


. a 
id deren Vergleich mit der des Ephedrins, J. Oriental Med. 


s Pseudoephedri 


3:1, 1925. 


( 


9. Noyes, W. A.: Organic Chemistry for the Laboratory, ed. 3., Easton, Pa 
IPQ 


hemical Publishing Company, 1916, p 
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no mydriasis occurred ; nor was there any evidence of dilatation of pupils 
atter the subcutaneous injection of 1.8 mg. per kilogram in rabbits. 
However, when a large dose of from 200 to 600 mg. per kilogram was 
injected subcutaneously, a dilatation of the pupils was seen in a few 
minutes. This may not be caused by the specific action of the drug on 
the pupil, but may be one of the toxic symptoms. In a single case in 
man, a drop of 20 per cent solution, applied locally, increased the trans- 
verse diameter of the pupil by from 1 to 2 mm. for two hours. The 
solution was so irritating, causing conjunctival injection for approxi 
mately thirty minutes, that further extensive study was not justified. 
For the comparison of mydriasis produced by ephedrine hydro 
chloride and pseudo-ephedrine hydrochloride, respectively, 10 per 
cent solutions, freshly and quantitatively made, were used. I: 
Tas_e 1.—Comparison of Mydriasis in Man Caused by a 10 per cent Solution 


»f Ephedrine Hydrochloride and That Caused by a 10 per cent Solution 
of Pseudo-Ephedrine Hydrochloride 


C 





Maximum Mydriasis Maximum Mydriasis 
ofthe Eyewith of the Fellow Eye wit! 
Ephedrine Pseudo-ephedrine 
Initials ex Age n Mm in Mm. 
6.0 


Average 7.5 


* In this column, of indicates male; 9, female. 


fourteen persons who presented equal pupils and no ocular inflam 
matory diseases, 2 drops of ephedrine hydrochloride were instilled 


~ 


into one eye and the same number of drops of pseudo-ephedrine hydro- 
chloride into the other at the same time. The subjects were directed to 
close their eyes for ten minutes. The transverse diameters of the pupils 
were measured by a serrated rule at fifteen minute intervals during the 
first hour, and at one-half to one hourly intervals thereafter until normal 
size was restored. The results are summarized in table 1. 

It will be seen that the average maximum dilatation of the pupil after 
the instillation of ephedrine hydrochloride is 0.7 mm. greater than that 
after the instillation of pseudo-ephedrine hydrochloride. <A difference 
of 0.5 mm. is obvious by careful inspection. The difference is main- 
tained under a bright light. As a rule, the mydriasis with both drugs 
begins, reaches the maximum and disappears at the same time. In two 

















CHEN—EPHEDRINE AND 8-PHENYL-ETH) 1MINE 407 


instances the duration of ephedrine mydriasis was several hours longer 











1 that of pseudo-ephedrine mydriasis. 

velative Effects on Blood Pressure —For the study of pressor action 
¢s, tenth normal solutions were used, so that these drugs could be 
pared equimolecularly. A typical experiment is shown in figure | 
ould be noted that 8-phenyl-ethylamine, injected intravenously, ha 

reater intensity than, but lacks the duration of, the action shown by 
drine. Pseudo-ephedrine has a duration of action corresponding t 
of ephedrine, but is not so intense. Ephedrine in this particular 
riment is 3.2 times as strong as pseudo-ephedrine. The same pic- 
is obtained if the order of injections is reversed. In performing 





Fig. 1—A comparison of effect of intravenous injection of $-Phenyl- 
ylamine, ephedrine and pseudoephedrine in raising blood pressure in a female 
g weighing 6.3 kilograms, anesthetized by phenolbarbital sodium. A, B and C 
‘ate carotid pressure. Atropine sulphate, 1 milligram, given at start. 


these experiments, the kind of anesthetic which is used appears to have a 


great influence. In deep ether anesthesia, the blood pressure often falls, 


instead of rising, following the administration of these substances. With 


8-phenyl-ethylamine, a primary brief fall may occur before the rise, 


possibly caused by a transient dilatation of the heart chambers. 


In man, pseudo-ephedrine and B-phenyl-ethylamine are new drugs for 


internal administration, and therefore should not be used clinically until 


a preliminary toxicologic study is made. The minimum lethal dose of 


pseudo-ephedrine hydrochloride in mice as determined by Fujii® is 400 


mg. per kilogram. I found that the minimum lethal dose of 8-phenyl- 
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ethylamine hydrocloride in rabbits is approximately 300 mg. per kilo- 
gram, as shown in table 2. Death follows convulsions. On two separate 
occasions, I took 50 mg. of each drug by mouth and experienced no 
discomfort of any kind. The blood pressure was not studied in this 
connection. I then gave the drugs, dispensed in capsules, to a group of 
persons, and the dose was gradually increased. The effects on the blood 
pressure were investigated. All of the subjects were required to stay in 
bed during the period of observation. $-phenyl-ethylamine hydro 
chloride, in a dosage of from 50 to 150 mg. by mouth, studied in eight 
persons, appears not to raise the systolic blood pressure definitely, but, 
on the contrary, has the tendency to lower it slightly for a period of 
Taste 2.—Tov.xicity of B-Phenyl-Ethylamine Hydrochloride in Rabbits 


by Subcutaneous Injection 





Dose in Mg. per Kg. Number of Animals Used Number Died Number Lived 
200 2 3 2 
250 R es 3 
300 2 2 ee 
350 2 1 1 
400 I 1 
450 1 1 
500 1 1 
600 1 1 


3.—Comparative Changes of Systolic Blood Pressure in Man After 
| Administration of 150 Milligrams, Each, of 8-Phenyl-Ethylamine Hydro- 
-hloride, Pseudo-Ephedrine Hydrochloride, and Ephedrine Hydrochloride 





Maximal Changes in Systolic Blood Pressure in 
Millimeters of Mercury 
— A — 








8-Phenyl- 
Initials Sex* Age ethylamine Pseudo-ephedrine Ephedrine 
POG, vscetuasssvcvens 2 33 —10 +20 +44+ 
Es kxsvaneentaavone 2 22 +38 —10 +26 
“ere g $2 +2 +18 +46+ 
Se ern g 45 —10 +10 +18 
Do dasavoncaSvaeeen fof 15 —2 + 8 +28 





* In this column, ¢& indicates male; 9, female. 
+ Ephedrine sulphate used. 


from one to two hours. Pseudo-ephedrine hydrochloride, in the sam 
dosage, similarly administered, raised the systolic pressure in nine of 
eleven observations on nine subjects. The rise was not so high and did 
not last so long as that seen after the administration of ephedrine hydro- 
chloride. The highest level of systolic pressure effected by 150 mg. of 
pseudo-ephedrine hydrochloride was 130 millimeters of mercury from 
an original level of 106; but in the same person 100 mg. of ephedrine 
hydrochloride elevated the pressure to 140 millimeters of mercury from 
the same level. In two instances, there was a slight fall of blood pres- 
sure following the use of pseudo-ephedrine. The results with the three 
substances in five subjects produced by 150 mg. dosage by mouth are 
shown in table 3, and those from one of them (P. O.) are plotted for 
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istration in figure 2. The determinations in each person were mad 


ie 
least twenty-four hours apart. 


It should be noticed that 8-phenyl- 
lamine and ephedrine were compared gram for gram. 


Calculated on 
equimol 


ecular dosage, the amount of 8-phenyl-ethylamine administered 
was larger than that of ephedrine. In two instances ephedrine sulphate, 
taining 77.1 per cent of ephedrine was used instead of 


ephedrine 
rochloride, containing 81.9 per cent of ephedrine. 


There was little 
rence in action between sulphate and hydrochloride. No untoward 
‘toms occurred after the administration of 150 mg. of B-phenyl- 
imine or pseudo-ephedrine, but palpitation, diaphoresis, tremor and 
iting were present, either singly or jointly, in four of the five subjects 
had been given 150 mg. of ephedrine hydrochlori 


“ide 
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2.—A comparison of the pressor action in man of hedrine, | 
, and §-phenyl-ethylamine. P. O., a woman, aged 33, was 
i ns of each drug by mouth. 





COMMENT 
It is true that pseudo-ephedrine and £-phenyl-ethylamine, like ephe- 
, devoid of phenolic hydroxyls, as shown in the following formulas, 
comparatively more resistent to physical agents, such as air, light 


NH:.HC1 CHs CH: 
HOH HeCNHCHHC H-C-NHCH:. HCl 
H-C-H H-C-OH HO-C-H 

CcHs dan, CoHs 


}- phenyl-ethylamine Ephedrine HCl Pseudo-ephedrine HCl 


. Tae eae oh aenees 
HCl (a) ae -34.96° (a) b +61.73 


and standing, than are epinephrine and tyramine. The phenyl com- 
pounds are, as a rule, more stable than the hydroxy-phenyl compounds. 
In vivo, however, the blood pressure raising property of ephedrine 1 
much more protracted than that of B-phenyl-ethylamine. Ephedrine 
and pseudo-ephedrine, on the other hand, both exert prolonged effects, 


5 
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the latter being weaker than the former. $-phenyl-ethylamine, when 
injected intravenously into dogs, exhibits a greater intensity of action 
than ephedrine, but has not the duration of action shown by ephedrine. 
When the solution is given by mouth, no pressor action is noted in the 
case of B-phenyl-ethylamine. Pseudo-ephedrine, the stereo-isomer hav- 
ing the identical structure as ephedrine, proves to be weaker in regari 
to both the mydriatic and the pressor action. My results in dogs and 
in man fully agree with those of Fujii in frogs and in rabbits. It is, 
then, not the absence of phenolic hydroxyls alone that characterizes the 
action of ephedrine. Other parts of the structure also influence th 
type of action. The hydroxyl group in the side chain is probably 
activating factor in the ephedrine molecule. The presence of a methy 
group in the a-position and another methyl group in the amino radi 
in the case of ephedrine and pseudo-ephedrine may not be without sig 
nificance in distinguishing their action from that of B-phenyl-ethylami 
Probably a more important factor in the case of ephedrine and pseud 
ephedrine is the presence of asymmetrical C-atoms and the direction 
optical rotation. The space relationship in ephedrine and_ pseud 
ephedrine must account for the difference in the intensity of action 

In 1901 Schmiedeberg,’® in connection with his investigation 
purine derivatives, made the statement that the intensity of pharma 
logic action of a substance depends on the stereochemic configurati 
while the kind of pharmacologic activity depends more on the chemi 
constitution. The following are his own words: 

“) . . Alle bisher bekannten pharmakologischen Thatsach« 
weisen darauf hin, dass die pharmakologische Wirksamkeit ein 
Substanz von der stereochemischen Configuration, die Art d 
pharmakologischen Wirkungen dagegen mehr von der chemisch 
Constitution abhangig sind.” 

The pharmacologic difference of two optical isomers was first cat 
fully studied by Cushny, whose work on this subject has been concis« 
summarized by himself in his Dohme Lectures.‘! It is known th 
1-hyoscyamine is about twenty times, 1-hvoscine from sixteen to eig! 
teen times, 1-epinephrine from twelve to fifteen times, and 1-hom 
tropine two times, respectively, as strong as the d-form. 

The formula for ephedrine and pseudo-ephedrine contains two asym 
metric C-atoms. They are not mirror images of each other. Their 
isomerism has been discussed by Chen and Kao,’? based on the work of 

10. Schmiedeberg, O.: Vergleichende Untersuchungen tiber die pharmak 
logischen Wirkungen einiger Purinderivate, Ber. d. deutsch chem. Gesellsch. 34: 
2550, 1901. 

11. Cushny, A. R.: Biological Relations of Optically Isomeric Substances 
Baltimore, Williams & Wilkins Co., 1926. 

12. Chen, K. K., and Kao, C. H.: Ephedrine and Pseudoephedrine, Their 
Isolation, Constitution, Isomerism, Properties, Derivatives, and Synthesis (witl 
a Bibliography), J. Am. Pharm. A. 15:625, 1926. 
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previous writers. It suffices here to point out that ephedrine is levoro- 
tory, and has a stronger mydriatic and pressor action than pseudo- 
phedrine, which is dextrorotatory. There has been added, therefore, to 
: category of optical isomers another example that the 1-form is more 
verful than the d-form. 
CONCLUSIONS 
3-phenyl-ethylamine hydrochloride when applied locally to rabbits’ 
cats’ eyes does not dilate the pupils. 
3-phenyl-ethylamine hydrochloride when injected intravenously into 
s in small doses (0.5-2.7 mg. per kilogram) raises arterial blood 
ssure. The rise is more intense but less persistent than that seen 
r the injection of ephedrine. When given by mouth in man, it does 
exhibit its pressor action. 
Pseudo-ephedrine hydrochloride dilates the pupils of man when 
ied locally, raises arterial blood pressure in dogs when injected 
venously and slightly increases the systolic blood pressure in man 
given by mouth. Pseudo-ephedrine is dextrorotatory, and is less 
rful in pharmacologic activity than ephedrine, which is levorotatory. 














GLYCOLYSIS IN NORMAL AND IN 
LEUKEMIC BLOOD * 


RK FALCON-LESSES, 


BOSTO> 


the destruction ol elucose by the cells of the body 


has recently received a new impetus through the discovery by Was 

that tumor tissues have quantitative and qualitative differenc 
from the normal, with regard to their carbohydrate metabolism 
Warburg found that the glycolytic activity of malignant tumor tissues 
in human beings and in rats was many times greater than that of no: 
mal tissues when studied under aerobic or anaerobic conditions in 
respiration apparatus. 


Warburg’s work has been largely confirmed by Murphy an 


Hawkins.” They have noted certain exceptions to his general con 


and point out that glycolytic activity bears no close relationshi 
to rate of growth. Nevertheless, they conclude that Warburg's studi 
have opened a new and fruitful field for research in cancer. 

t seemed possible to acquire further data on the problem by t 
investigation of glycolysis in certain disorders of the blood—especially 
leukemias—whose character may be considered similar to that « 
n leukemia one has an alteration of the blood-forming tissu 

j I] 


great numbers of immature blood cells wh 


have much in common with the cells of malignant tumors 

article concerns a study of in vitro glycolysis in blood 

lly as it relates to the number and immaturity of the blood cells 
The literature on glycolysis in the blood is extensive, but the emphas 
in the past has been on such aspects of it as relate to sugar metabolisn 
John * recently has reviewed most of the articles that appeared betwee 
Claude Bernard’s original contribution in 1876 and those of late 
writers, up to 1925. Because of the divergence of opinion on many 
basic points, it became necessary, as part of the present work, to 
determine the glycolytic behavior of normal blood. Apparently, th 


only previous investigation on glycolysis in leukemia is that by Birger 


From the medical service of the Collis P. Huntington Memorial Hospital 
of Harvard University. 

1. Warburg, O.: Metabolism of Carcinoma Cells, J. Cancer Research 9: 
148 (March) 1925. 

2. Murphy, J. B., and Hawkins, J. A.: Comparative Studies on_ the 
Metabolism of Malignant and Normal Cells, J. General Physiol. 8:115 (Sept.) 
19285. 

3. John, H. J.: Glycolysis, Ann. Clin. Med. 3:667 (May) 1925. 

4. Birger, M.: Untersuchungen tber Hamoglykolyse, Ztschr. f. ges 
Med. 31:1, 1923. 
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1923. He studied the glycolytic rate of the blood from seven 


tients. However, he made observations only before and after a six 


ur interval, and therefore failed to observe the significant changes 


ring the first few hours. 


MATERIAL AND METHODS 


\bout 100 blood sugar determinations were made on blood from 

healthy persons, six patients with chronic myelogenous leukemia, 
| one each with chronic lymphatic leukemia, erythemia and pernicious 
mia. None of the leukemic patients had received roentgen-ray or 
ium treatment for at least a month prior to testing their 

one with the highest white cell count had nev 
ipy. 

he 


) 


‘r been give 


determinations were made in duplicate on the protein-free 
ates by Folin’s ° new method, and often compared with tl 


uned with the Folin-Wu °® method. 


ie results 


he usual procedure was to withdraw from 15 to 30 cc. of blood from the 

vein under sterile precautions, no special effort being made to avoid 
The blood was then discharged into an Erlenmeyer flask of 150 cc. 

ity and mixed with heparin. This was transported to the incubator in a 
of water with a temperature of 37 C. The incubator temperature 

h all the experiments were made ranged from 35 to 37 ( 

\iter the blood was drawn from the patient, it 


S sugar content was deter- 
d immediately. The glycolytic process was then studied by 
int of sugar in 2 cc. samples taken from the incubator specimen at 


ili-hour intervals for five or six hours. 


finding tl 


In some cases a sample was again 
| at the twenty-fourth hour. However, with few exceptions, the glycolysis 
complete at the end of six hours when the initial sugar concentration 
under 100 mg. per hundred cubic centimeters. 

nitial experiments to test the effect of temperature sh 


lance with the results of previous workers, namely, that of the 


perature slows but does not stop the glycolytic process 


g. of the dry powder. One milligram was sufficient to prevent tl 


od in vitro often tends to clot more rapidly than normal, it usually 


he literature contains numerous divergent reports concerning the effects 
le ordinary anticoagulants, such as sodium citrate and potass 
olysis. Heparin was used because it was believed to | 


to 


ium oxalate, on 
ve the anticoagulant 
was least likely to damage cells or affect glycolysi Sterilization of 
i properties. 


cc. was equivalent to 


in as a powder or in solution did not affect its anticoa 
as readily made into a solution of which 0.05 
he coagula 
of 5 ce. of normal blood for at least twenty-four hours. Because leukemic 


was 


essary to add about twice as much heparin as is required to prevent normal 


id from clotting. Control experiments with specimens of normal blood 


ed that this double amount of heparin did not hasten gl 


-olwci 
VCOLYSIS 


Separate experiments using blood kept under liquid petrolatum were per- 


ned with a view to studying the effect of low oxygen saturation. No 


Folin, O.: The Determination of Sugar in Blood and in Normal Urine, 


Biol. Chem. 67:357 (Feb.) 1926. 


f 


Folin, O., and Wu, H.: A Symplified and Improved Method for Deter- 


nation of Sugar, J. Biol. Chem. 41:367 (March) 1920. 
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appreciable differences were found between the specimens of blood under oil 
and those freely exposed to air. 

Most of the experiments were not performed with strict asepsis, as the 
period of the experiment (from one to six hours after withdrawal) precluded any 
significant bacterial growth. However, enough aseptic controls were examined 
to show that the results were in no way altered by sterilization of the materials 
in contact with the blood. The asepsis was proved to be complete by making 
pour plates of blood with hormone agar, incubating for from twenty-four 
forty-eight hours and finding no bacterial growth 

Folin’s new blood sugar method® gives somewhat lower values than 
Folin-Wu" method. However, either method was found satisfactory 


1 





100 CC. OF BLOOD 





MILLIGRAMS PER 








5 
| ours| 

Chart 1—Glycolysis in normal blood in vitro: A, average rate for six 
different specimens of blood; B and C, rate in blood from one person when the 
blood sugar was at different levels. 


reading blood sugar contents as low as 10 mg. per hundred cubic centimeters, 
provided weaker standards than usual were used. In addition to the customary 
ones containing 0.2 and 0.1 mg. of glucose per cubic centimeter, standards of 
0.05 mg. and 0.025 mg. per cubic centimeter were utilized for the blood sugar 
ranges of from 50 to 6 mg. per hundred cubic centimeters of blood. The 
standards were frequently checked and new ones made about once a week to 
avoid deterioration. 

The blood specimens of the patients with leukemia were drawn in a fasting 
state, but this did not seem an integral part of the experimental conditions. 
However, most of the other blood specimens were obtained at such an interval 
after meals as to have a blood sugar content approximately that of the fasting 
level. There were two experimenets in which a hyperglycemia was produced 
by the injection of epinephrine hydrochloride. 








IN 


BLOOD 
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GLYCOLYSIS IN NORMAL BLOOD 
Chart 1 A shows the average rate of glycolysis in the blood of six 
ormal persons. The red blood corpuscles numbered about 5,000,000 
nd the white blood cells about 8,000 per cubic millimeter. 
The graph shows that the glycolysis proceeded at a uniform, pre- 
‘table rate for the first four hours. The same was true for many of 
individual blood specimens as well as for the average of all. At 
sixth hour, the blood sugar had usually fallen to 6 or 8 mg. per 
ndred cubic centimeters of blood. This level represents the end of the 
ocess so far as the glycolyzable reducing substances of the blood are 
cerned. When the Follin-Wu method was used, the lower limit 
ially was about 17 mg. Prolonged standing of the blood, even for 
enty-four hours, did not reduce further the value obtained by either 
ethod. It probably represents the nonglucose substances of the blood 
ich reduce the copper reagents.’ 
The effect of varying the initial sugar concentration was studied, 
ing blood from the same healthy person. The initial experiment 
hart 1 B) determined the rate of glycolysis when the subject’s blood 
var level was 82 mg. per hundred cubic centimeters of blood. In the 
xt one (chart 1 C) the blood was drawn one hour after the ingestion 
50 Gm. of carbohydrate when the blood sugar was 107 mg. If the 
rves are superimposed, it is evident that the process was more rapid in 
latter. This is an important comparison because some investigators 
ve reported that glycolysis is either always unaffected by hypergly- 
mia or that it always proceeds more rapidly with a low initial con- 


ntration.s The reason for their lack of consonance with this report 





partly found in their utilization of percentage loss from the 
irt instead of the loss in absolute milligrams. As Cajori and Crouter * 
ive pointed out, the glycolytic reaction is not a monomolecular one, and 
is therefore improper to express results in terms of percentage loss 
from the original concentration. Chart 1 clearly shows that the rate 
hould be expressed absolutely and not in percentage. The original con- 
sntrations are different enough (25 mg.) to test the effect of changed 
oncentrations, and yet near enough together so that one may observe 
how the glycolysis in the hyperglycemic blood may proceed faster than 
n the blood with less sugar. The greatest variations in the normal blood 
were outside the range of the pathologic blood studied. 
7. Hiller, A.; Lindner, G. C., and Van Slyke, D. D.: The Reducing Sub- 
tances of the Blood, J. Biol. Chem. 64:625 (July) 1925. 


8. Lemann, I. I, and Liles, R. T.: Glycolysis at Varying Blood Sugar 
Levels, J. Lab. & Clin. Med. 11:339 (Jan.) 1926. 
9. Cajori, F. A., and Crouter, C. V.: A Comparison of the Rate of 


Glycolysis in Different Bloods with Special Reference to Diabetic Blood, 4 Biol. 
Chem. 60:765 (July) 1924. 
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The fasting blood sugar values for the seven cases of leukemia were 
within normal limits. In all seven of the leukemic blood specimens 
glycolysis proceeded faster than normal, and in the six chronic myel- 
ogenous leukemic blood specimens at least twice, and in some cases three 
times, as fast as normal. Chart 2 illustrates the observations and shows 
that in leukemia the process may be complete in a little more than one 
hour, as contrasted with six hours for the normal. The slowest of 
these abnormally rapid rates occurred in the blood of the patient wit! 
chronic lymphatic leukemia (chart 2 6). This person had the lowest 
white cell count of all seven patients, namely, 30,000 per cubic milli 
meter, composed chiefly of lymphocytes, of which 11,000 per cubic 
millimeter were somewhat, though not markedly, immature. Numerous 
investigators have pointed out that the white blood cells play an impor 
tant role in glycolysis. The observations recorded here show that the 
most rapid rates were observed in the cases with the highest white cell 
counts. However, the height of the total count alone may not be entire! 
responsible for the increase of rate in leukemic blood since the numbei 
and type of immature cells present may play some role. 

The observations are too few to permit proof of this suggestior 
but the facts recorded below bear on the problem. The glycolytic rate 
in case E (chart 2), of myelogenous leukemia, in which there was 
white cell count of 51,000 per cubic millimeter, was much more rapid 
than that of the case of chronic lymphatic leukemia with 30,000 white 
blood cells per cubic millimeter (chart 2 B). In the former case the: 
were not only more immature white cells than in the latter, but the 
were of bone marrow, not lymphoid, origin. Likewise, many of tl 
myeloid cells were most immature (myeloblasts ) and some of an atypical 
abortive sort, while in the blood of the patient with lymphatic leukemia 
there were essentially no such immature cells. The difference in rates 
might be attributed to a distinction between myeloid and lymphoid cells, 
but the greater degree of immaturity and greater numbers of young 
cells in the blood in the myelogenous leukemia could better explain its 
rapid glycolytic rate. Furthermore, the rate in the blood in this cas 
of chronic myelogenous leukemia was faster than that in two other cases 
with a white cell count two or three times as high (chart 2 C and D). 
In the latter blood there were almost no grossly immature or abortive 
tvpes of white cells, although the absolute number of cells as immature as 
myelocytes was greater. This might be taken to indicate that a given 
number of markedly immature cells (myeloblasts) will influence the 
process more than a similar number of less immature cells (myelocytes). 
The rates were rapid in cases F, G and H, and this fits well with both 
their high total counts and large number of myeloblasts. The low 
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il sugar level in cases F, G and H may have had a tendency to slow 
the process, as compared with normal blood, so that here also we have 
confirmatory evidence of a definite effect of the leukemic blood. 

[he white cell counts in cases C, D, E, F, G and H are shown in 

table. 

[f the lowness of the level of the red blood corpuscles influences 


olysis, it probably delays, not hastens, the process. The two leukemic 
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hart 2.—Glycolysis in leukemic blood in vitro: A, normal blood (average 
hronic lymphatic leukemia. The white blood cells totaled 30,000, of which 
per cent were lymphocytes, 11,000 per cubic millimeter, were somewhat, but 
markedly, immature. C, D, E, F, G and H, chronic myelogenous leukemia 
White Cell Counts in Cases of Leukemia 
Total Total Immature Cells Markedly 
White Cell (Myelocytes or Immature Cells 
Count per Younger), (Myeloblasts), 
Case C.Mm. per C.Mm. per C.Mm. 
( 105,000 23,100 100 
D 161,000 38.000 100 
I 51,000 15,800 3,500 
I A 130,000 39,000 1,960 
G - 219,000 60,300 8,700 
H _ 368,000 87,600 10,300 


id 


patients that had the lowest red cell counts (3,500,000 per cubic milli- 
meter) were those that had the white cell counts of 51,200 (chart 2 FE) 
and 368,000 per cubic millimeter (chart 2 H), and whose blood con- 
tained numerous immature and atypical cells. Thus, anemia in itself 
presumably did not hasten the glycolysis in the blood in these two 
patients. 
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The glycolytic rate was compared in normal and in leukemic blood 
with a high sugar content produced by the injection of epinephrine 
hydrochloride (chart 3). It was found that while the rate of sugar 
destruction in the leukemic blood eventually overtook that of the normal, 
nevertheless, the raising of the initial sugar concentration served to 
make the velocity of the normal blood quite high. The part that may 
have been played by the epinephrine hydrochloride or such substances 
as it set free in the body is unknown. The glycolytic rate was studied 
in the blood from the same leukemic patient during the fasting state 
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Chart 3.—Rate of glycolysis in blood with high initial sugar content pro- 
duced by hypodermic injection of epinephrine hydrochloride: 4, blood fron 
patient with chronic myelogenous leukemia; 8, normal blood, and C, blo 
trom the same subject as A withdrawn before the injection of epinephrine 
hydrochloride (fasting level). 


[tf the curve for the latter rate is compared with the one for the data 


obtained when hyperglycemia existed (chart 3) by superimposing the 


two at the same blood sugar level (90 mg.), the rates are found to 
be approximately the same. 


GLYCOLYSIS IN BLOOD WITH REFERENCE TO THE 
RED BLOOD CELLS 
The influence of the number and type of red blood corpuscles on 
glycolysis was studied only by testing the blood in a case of erythremia 
in which there were 9,505,000 red blood cells per cubic millimeter and in 
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a case of pernicious anemia, in mild relapse, in which there was a red 
blood cell count of 2,830,000 per cubic millimeter. In the former case, 
the white cell count was 25,775 per cubic millimeter and 88 per cent of 
1e cells were polymorphonuclear neutrophils; in the latter case, there 
were 4,000 white blood cells per cubic millimeter and 64 per cent were 
lymorphonuclear neutrophils. The rate of glycolysis in the erythremic 
od was considerably accelerated, being faster than in the blood from 
patient with lymphatic leukemia with a white cell count of 30,000 

a red blood cell count of 4,000,000 per cubic millimeter. The 
itial blood sugar was 15 mg. greater than in this leukemic blood, or 
mg. per hundred cubic centimeters. The height of the blood sugar 

es not seem great enough to account for the more rapid rate. The 
lood sugar dropped rapidly in an hour to 65 mg. and to 30, 12 and 
ng. at the end of two, three and four hours, respectively. In con- 

st to this, the rate of glycolysis in the blood in the case of pernicious 
emia was slower than that shown in any one of the six normal blood 
cimens. The initial sugar concentration was 30 mg. less than that 
the erythremic blood, or 85 mg. per hundred cubic centimeters. 

is difference can partially, but not entirely, account for the much 
ster glycolytic rate of the blood in the case of erythremia than in that 
the case of pernicious anemia. The sugar in the latter blood was 
luced to 41 mg. at the end of three hours and 13 mg. in six hours. 
he increased absolute number of nucleated cells in the erythremic 
ood may have partially caused the increased velocity of glycolysis, and 
eir sparse number in the blood in the case of pernicious anemia may 
ccount in a measure for its slow glycolytic rate. It seems more 
obable that the rates were in some manner dependent on the fact that 

e blood of one patient contained 6,000,000 more red cells per cubic 
illimeter than that of the other. The percentage of reticulocytes 
young red cells) was similar (about 3 per cent) in the blood of both 
‘rsons. Their absolute numbers may have played a role in the rate 


glycolysis, as well as the nature of all the red blood corpuscles in 
ach blood, for these are of a distinctly different kind in erythremia and 


pernicious anemia. Further studies may show more clearly how the 
umber and character of the red blood corpuscles influence the velocity 
glycolysis. The blood platelets, too, may share in the process. 


GLYCOLYSIS IN PLASMA AND IN BLOOD TO WHICH 

WATER HAS BEEN ADDED 
Because opinions differ as to the progression of glycolysis in plasma 
and in hemolyzed blood, experiments were carried out to test these 
points. In one case, the blood from a patient with chronic myelogenous 
leukemia was utilized. This had previously been studied in the usual 
fashion, and essentially all the sugar was observed to disappear within 
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one and one-half hours. However, in the plasma alone there was 
absolutely no change in the sugar concentration from the initial figure 
ot 71 mg. for at least five hours. A specimen examined at the twenty- 
fourth hour showed that the process had gone on to completion, the 
sugar level then being near the usual base line of 6 mg. This observation 
may reconcile divergent views and should be investigated further. 

To study the effect of cellular disintegration, seven volumes of watet 
were added to a specimen of blood from the patient with erythremia, 
thus hemolyzing the red blood cells. Here, again, no glycolysis was 
observed for five hours. The specimen was not tested at the twenty- 
fourth hour. 

Apparently, therefore, intact red or white blood cells are essential 
for relatively rapid glycolysis. Many writers in the past have incorrectl) 
considered that the addition of water to blood affected only the red cells 
This is not a valid conception because the leukocytes are susceptible to 
markedly hypotonic solutions. 

Because of the limited number of observations and patients, some 
of the information presented in this article is fragmentary. It is, how- 
ever, presented now as circumstances prevent additional studies for som 
time. 

SUMMARY AND CONCLUSIONS 

Glycolysis in normal blood in vitro at body temperature is complet: 
in six hours when the initial sugar concentration is under 100 mg. per 
hundred cubic centimeters. 

Glycolysis in the blood in six cases of chronic myelogenous leukemi 
with a high white blood cell count was from two to three times as rapid 
as normal, so that the process was often complete in two hours. Th 
large number of white blood cells may not be the only reason for th 
rapid glycolysis. There is some evidence to suggest that very immatur« 
or atypical bone marrow cells hasten the process more than mature 01 
typical ones. Lymphocytes may influence the rate differently from 
nucleated bone marrow cells. 


In the blood in one case of erythremia, glycolysis took place moré 


rapidly than in normal blood. In contrast, in the blood from a case of 
pernicious anemia, glycolysis was slower than in normal blood. 

Glycolysis in plasma alone or in blood after injury to the cells by 
water was much slower than in intact blood prevented from clotting with 
heparin. 
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THE RED CELL COUNT IN ARTHRITIS 
FIRST PAPER * 


G. PEIRCE, M.D. 
AND 
RALPH PEMBERTON, M.D. 
PHILADELPHIA 


In a series of previous communications, the suggestion has been 
anced by Pemberton,’ and evidence has been deduced by Pemberton, 
ri and Crouter,? that the arthritic and rheumatoid syndrome is 
mmpanied by disturbances of the peripheral blood flow apparently in 
capillary beds, and apparently in the nature of vasoconstriction. It 
ime desirable, therefore, to determine whether, at the periphery, any 
ction of this condition could be obtained in the corpuscular elements 
the blood in regard to morphology, number or other factors. It 
ned possible that some reflection of any circulatory disturbances 


ent in arthritis might be obtained by studying the blood first issuing 


a quick stab of moderate depth and by contrasting it with the sub- 
iently appearing blood representative of the general circulation. 
lhe observations here reported were made accordingly during a 
of the red cell counts of patients with arthritis as compared with 
red cell counts of normal persons; observations were also made on 
ritic patients in various stages of ill health and convalescence. 
erence to standard textbooks on clinical diagnosis shows that dis 
tion is not always made between the blood first issuing after the con- 
tional stab for a blood count and that issuing subsequently. Thus, 
erson states: * “After the ear or finger has been pricked deeply so 
the blood flows freely without the assistance of pressure, a large 
p is allowed to collect on the skin and is rapidly drawn into the pipet 
the mark 0.5 or 1, according to the condition of the blood.” 
\ccording to Webster,* “As soon as a good sized drop appears 
hich is obtained without pressure or constriction, the tip of the pipet 
*From the Laboratory of Clinical Chemistry, Presbyterian Hospital, Phila- 
Iphia. 
* The work here reported is part of a study on Chronic Arthritis in collabora 
1 with R. B. Osgood, M.D., of Boston. The expenses were defrayed by con- 
yutions from several sources, including a number of patients. 
1. Pemberton, R.: Effects of External Heat Upon Human Body, Am. 
M. Se. 169:485 (April) 1925. 
2. Pemberton, R.; Cajori, F. A., and Crouter, C. Y.: Influence of Focal 
fection and Pathology of Arthritis; Results of Experiments, J. A. M. A. 


85:1793 (Dec. 5) 1925. 


3. Emerson, C. P.: Clinical Diagnosis, Philadelphia, J. B. Lippincott Co.., 


1921, p. 456. 


4. Webster, Ralph W.: Diagnostic Methods, ed. 4, Philadelphia, P. Blakis- 


ton’s Sons & Co., 1920, p. 515 
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is placed in the drop. . . . The blood is drawn by suction. . . . 
According to Simon,°® “The puncture, above all, should be sufficiently 
free to insure a ready flow of blood without any special degree of 
pressure.” 

Lundsgaard and Moller" have shown that the freely flowing blood 
from a fairly deep stab is arterial in nature and is not open to influence 
from local conditions because of stasis or other factors. 

The particular object of the present investigation was to compare the 
red cell count of the first issuing drop of blood, or supposedly capillary 
blood, with that of the fourth or subsequently issuing drops which con- 
stitute the more freely flowing or arterial blood. 

It is well recognized that the method of obtaining a red cell blood 
count is open to influences of many kinds in respect not only to the 
technic but also to the varying conditions of the subject on whom th 
blood count is made. Under even the best conditions of good hospital 
routine, wide variations in results are encountered. For purposes of 
critical investigation it is necessary to develop the usual technic to 


point considerably beyond that ordinarily regarded as adequate for 


clinical purposes. Prerequisites are a trained observer, due standardiza 
tion of the personal equation and apparatus and full control of tl 
activities of the subjects examined. 

Emerson, Simon and Webster give minute directions regarding tl 
technic to be employed in counting blood cells. They recommend 
general that a “Bureau of Standards” pipet be used, and that this 
cleaned with distilled water, alcohol and ether, and dried by air suctio1 
The part of the subject from which the blood is to be obtained, should 
be cleaned gently with alcohol or iodine and punctured by a clean instru 
ment. Rubbing or squeezing of the tissue is to be avoided, and, accor 
ing to the usual directions, the first issuing drop of blood should bi 
drawn to the mid-mark on the pipet as accurately and rapidly as possibl 
While the pipet is being filled with diluting fluid, it should be rotated: 
when filled to the mark, it should be shaken for from one to two min- 
utes. If the pipet is to be transported, or if there is a delay before th« 
count is made, the shaking should be repeated. The fluid in the tube 
of the pipet must be blown out before the counting chamber is filled 
with the contents of the bulb. The counting chamber must be cleaned 
carefully with distilled water and must be free from lint or dust. 

These precautions were taken in the present investigation, and the 
blood was obtained under conditions as uniform as possible. Thus, the 
patient rested for five minutes with the forearm lying on a desk at 
elbow height. Every effort was made to conduct the examination at a 


5. Simon: Clinical Diagnosis, ed. 10, Philadelphia, Lea & Febiger, 1922. 
6. Lundsgaard, C., and Moller, E.: Investigations on Oxygen Content of 
Cutaneous Blood, J. Exper. Med. 36:559 (Nov.) 1922. 
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form time after ingestion of food and under uniform conditions of 
rcise and environmental temperature. The fingers of the patient 
e allowed to rest on a laboratory table and were not grasped or 
ircled by the hand of the examiner. The stab was made half way 
ween the ball of the finger and the most distal point of the palmar 
face. Hausser’s Neubauer double ruled counting chamber and “Bureau 
standards” pipet and covers were used throughout the experiment. 
son’s diluting fluid was employed. The instrument used for the 
was a heart-shaped lance so held that the blade was at right angles 
e long axis of the finger in order that the maximum number of 
llaries might be cut. The fingers were gently cleansed with alcohol, 
ding unnecessary evaporation and chilling of the part. To obtain 
ontrast between the red cell count of the first and fourth or sub- 
rent drops, the first stab was so made as to obtain a slow flow and a 
which could be drawn into the pipet as the blood emerged from the 
Considerable practice is necessary to avoid obtaining either too 
blood or so much that the drop rapidly becomes too large to be 
n into the pipet. This event indicates a free bleeding from deeper 
rger vessels. Only such blood should be used as comes supposedly 
the immediately underlying tissue and is not mixed with, or 
lly forced out by, a larger current behind it. By the time the pipet 
been shaken for two minutes during our experiments, the original 
had usually ceased to bleed. In such cases a deeper stab was made 
same general manner in another finger. 
1 order to obtain the more freely flowing blood, three drops were 
ved to issue from the first or second stab; they were gently wiped 
. and the fourth drop was used for a count. In all cases the pipet 
shaken for five minutes by hand in a direction at right angles to the 
axis of the pipet. The counting chamber was then filled in the 
nner recommended. Both sides of the chamber were counted, mak- 
a total of eight squares of twenty-five small squares each, or 200 
ull squares in all. 
It is interesting to observe, as a check on the general observations to 


be described presently, that it was often difficult to make the patients 


with arthritis bleed adequately under the conditions described for 
btaining the first drop. It was frequently necessary to prick several 
fingers and even to prick deeply before blood could be obtained. This 
was seldom the case with normal persons. 

There was often a great discrepancy between the red cell counts 
thus made, on either the first or fourth drops, and those made in the 
general clinical laboratory of the hospital on the same patient. The 
ounts of the hospital technicians were almost invariably lower. This 
was accounted for by the fact that it was sometimes difficult or impos- 
sible to obtain a freely flowing drop from the patient with arthritis, and 
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in consequence it appeared necessary for the hospital technician to 
squeeze the finger to obtain sufficient blood. In the present series some 
cases were eliminated because it was impossible to obtain blood without 
making such pressure, and only those cases were studied in which the 
blood appeared without squeezing. It was impossible to avoid the 
impression that the patients with arthritis sometimes presented an 
apparently “desiccated” condition, particularly in the more severe cases. 
It is to be expected that a procedure which involves a method so 
commonly employed as that of counting blood will attract others to 
repeat this work. It is desirable and necessary that it should. ‘The 
difficulty of obtaining a dependable and uniform technic, however, is 
much greater than appears on the surface, and results cannot be regarded 
as acceptable unless and until the operator is able consistently to obtain 
counts on the same person at the same sitting within variations 
150,000 cells. Unless care is exercised and experience obtained 
beyond the level of routine practice, the observations reported he: 
cannot be expected to be observed, and it is deemed of great importance 
to issue this note of warning. It is necessary to emphasize that observa 
tions of this nature cannot be conducted incidentally to routine clini 
work. Some of the difficulties of repetition at the hands of others, 


J 


together with the results of attempts at substantiation by other metho 
and other observers, will be given in a subsequent paper. 





In order to avoid being misled, minor differences in contrast obser\ 
tions on first and later drops, varying from each other by less than 
100,000, are regarded as showing no difference. The subjoined tabl 
represent red cell counts on normal persons, patients with mild arthritis 
and patients with severe arthritis, respectively. In table 1, it will b 
seen that in twenty-three contrast counts on seventeen normal subjects 
seventeen observations showed a higher cell count in the first dro; 
issuing than in the later drops, an incidence of 74 per cent. In table 2, 
fifteen contrast counts on thirteen patients with mild arthritis, show ten 
observations in which the red cell count was higher in the first than 
later drops; an incidence of 67 per cent. 

In table 3, however, forty-four contrast counts on thirty-seven 
patients show only nine observations in which the red cell count of the 
first drop was higher than in the later drops; an incidence of 20 per 
cent. On the other hand, twenty-one observations showed a red cell 
count of the first drop lower than that of subsequent drops by an 
amount equal to or greater than 100,000 cells per cubic millimeter. This 
is an incidence of 48 per cent and is in contrast with the counts made 
for normal persons and for the patients with mild arthritis, many of the 
latter of whom were recovered or essentially well. The lower first 
counts for normal persons and for patients with mild arthritis were, 
respectively, 4 per cent and 20 per cent. 
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[his lower count in the first issuing blood, or for sake of abbre- 


viation, “minus first drop,” 


may be to some degree a function of inac- 
a > 


ty but is not wholly so, since the greatest difference observed was 


time and gave a minus drop of 1,144,000. 


1—Blood Counts in 


Normal Pers 


ms Comparing the 


| patient with spondylitis, a young man who was thoroughly active at 


The next greatest difter- 


the First Drop with That in Subsequent Drops 


First Issuing 
Drop of Blood 
t 4,632,000 
I 4,680,000 
4,512,000 
s 5,392,000 
£508,000 
4,460,000 
stor 4,460,000 
112,000 
5,208,000 
5,336,000 
( er. 4,024,000 
5,024,000 
4,184,000 
4,640,000 
no 4,976,000 
4,144,000 








I 5,288,000 
Se 4 4,684,000 
4,896,000 
4,088,000 
4,712,000 


5,000,000 008,000 
5,352,000 5.044.000 
e were 17 subjects; doub ce ts: 19 first 
nt; 1 first drop was minus, an incidence of 
2—Blood Counts in Pati with Mil 


First Issuing 
Drop of Blood 
$260,000 
4,504,000 
4.504.000 
4,384,000 
5,080,000 









ae 5 2 000 

I ts 5,096,000 
5,160,000 

( d : 4 8,888,000 
H v 7 4,432,000 
ce x 4,200,000 
Re Ee. 5,064,000 
} ter 3,976,000 
s, Mrs 4,320,000 

I tor 4,640,000 


er cent; 3 


el 


Subsequently 
Issuing Drops 
4.452.000 
4,512,000 
4,068,000 
5,080,000 
4,028,000 
4 068,000 
1,224,000 
4,£24,000 
4,440,000 
4,928,000 
3,888,000 
4.880.000 
3,888,000 
3,592,000 
4,620,000 
3,660,000 





4,360,000 
4 S08 ,000 


itlv 
g Drops 





4,680,000 
5,464,000 
3,920,000 
4,376,000 
4,016,000 





4'920,000 
4,416,000 


an incic 


Differen i 
Red Cell Count 


1s 
168,004 
444,001 





Differer 


Red Cell Count Remar 


382,000 


ice in 


000-4 





Remarks 
"3 
) 
) 
y 
4 
y 
— white 
nts wW plus ce of 
ent 
tis Com 
aay i 


ce in 





328 004 
416,004 
804 004 
82.004 


56,000+ 


184,004 
268,006 
656, 000 
100,004 
224 ,00( 


) 
hose 
— No difference 
No difference 
be 
)-. 


)+- 


Chere were 13 patients; 15 double counts; 10 first drop counts were plus, an incidence of 


first drop counts were minus, ence of 20 per cent. 


ice (— 604,000) was in the case of an invalid on crutches who, how- 


ever, had had vigorous massage and many active exercises daily. 


\mong other cases, Hanold (— 224,000) was physically active and 


engaged in business. 
large family. 


fast, had a red cell count of 





Coyle (— 352,000) was the active mother of a 
On the other hand, Corbitt, the least active, being bed- 
+ 240,000. None had reached extreme 
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cases of deformity, all could feed themselves, and all, except Corbitt, 
K-n-l-d and A-d-r-t-n, could move about. 

It is to be appreciated that small differences of, say, 50,000 may be 
caused by the variations inherent in the method of blood counting, but 
counts which show consistently a difference of 100,000, in a direction 
opposite to the normal trend, under the conditions of the experiment 
cannot be attributed to error of technic or to the personal equation. 


Taste 3.—Blood Counts in Patients with Severe Arthritis Comparing the Red 
Cell Count in the First Drop with That in Subsequent Drops 


First Issuing Subsequently Difference in 
Drop of Blood Issuing Drops’ Red Cell Count Remarks 
8,800,000 4,376,000 576,000— 
3,664,000 4,024,000 360,000— 
4,096,000 248,000— 
ey ee 3,752, 4,056,000 304 ,000— 
reer 812, 4,572,000 240,000-+ 
Al-xander kesh sate ’ 3,632,000 40, 000— No difference 
Bubb..... ceeen ,488,000 4,088,000 400,000 + 
Milligan saree ,488,000 4,092,000 396,000 + 
A-d-r-t-n.... ‘ 928,000 4,648,000 280,000 +4 Bled with great diffic 
Russel... ; , 160,000 4,712,000 552,000— 
Sefton... 3,992,000 4,076,000 84 ,000— No difference 
Coyle..... eels ne 3,892,000 4,244,000 352, 000— 
Vorhees.. 3,820,000 4,112,000 292 ,000— 
Connell.... 584,000 ,264, 320,000+- 
Taylor..... eemrenes 5,200,000 5, . 536,000— 
Hanold... Sin letra 528,000 3/02, 224,000— 
D. Roberts 128,000 ,144,000— 
,976,000 5,016,000 40,000— No difference 
Knott eae ad see Son »704,000 4,836,000 132,000— 
Lowrie. : 3,976,000 3,728,000 248,000-+ 
rere 760,000 96,000— No difference 
(uh Cee 3,140,000 296, 156,000— 
Mattson...... vee 568,000 582, 14,000— No difference 
MOWC S66 cacncs pane 334,000 604 ,000— 
McDowell..... ‘a 216,000 184,000+ 
»240,000 4, 24,000— No difference 
3,800,000 ‘ A 152,000— 
ers aac 4,072,000 5 200, 000— 
Stockdale... 4,880,000 56,000— No difference 
3,612,000 5,928,000 316,000— 
Streck.... 4,804,000 4,720,000 84,000+ No difference 
Evans.... malice 4,688,000 4,784,000 96 ,000— No difference 
Phillips... 4,208,000 4,428,000 220,000— 
ere 4,752,000 4,544,000 208,000 + 
Ewing.. 4,912,000 5,176,000 264 ,000— 
Dougherty 4,808,000 5,200,000 392,000— 
Sullivan.......... ‘ 4,604,000 4,700,000 96,000— No difference 
Vorhees 4,336,000 4,344,000 8,000— No difference; poor sub 
4,908,000 4,764,000 144,000+ ject, gets excited easily 
P-xton 4,628,000 4,664,000 36,000— No difference 
Coogan ; 4,316,000 64,000+ No difference 
Silverman et 5,132,000 5,172, 40,000— No difference 
4,328,000 4,524,000 196,000— 
4,104,000 4,316,000 212,000— 


There were 37 patente: <3 eiaie counts; 21 Gret drop counts were minus, an incidence of 
49 per cent; 9 first drop counts were plus, an incidence of 21 per cent. 

It appears, therefore, that a difference has been demonstrated in the 
number of red cells per cubic millimeter of blood first issuing from 
peripheral tissues, such as the finger, in the patient with severe arthritis 
as compared with later issuing blood. While this difference sometimes 
obtains among normal persons and patients with mild arthritis, it does 
so with less frequency. The explanation of the cause of the higher 
count in the first blood of normal persons is presumably due to the fact 
that the capillaries are normally open in large numbers, and that the 
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cells within them are subject to an apparent concentration from resorp- 
tion of the nutrient plasma into the tissues. 
Two explanations may be given of the lower count of the first drop 
irthritis ; namely, that the first issuing blood is diluted in the vessels ; 
that normal or decreased numbers of cells in the vessels are scattered 
_ and dispersed through, increased or normal amounts of serous fluids 
m the tissues as they issue forth. From the previous studies already 
ted, indicating a disturbance of the peripheral blood flow in arthritis 
he nature of vasoconstriction, it would appear that an explanation 
d on this conception is preferable. It is presumably the case in 
nstricted vessels that fewer cells are contained within the lumen, and 
section of such vessels fewer cells issue forth. The condition of 
llaries and capillary beds throughout the body is notoriously open 
many influences, and these vessels present at various sites at the same 
ent varying degrees of dilatation, collapse and constriction. The 


J ee 


Paste 4.—The Red Cell Count Before and After the Ingestion of Coff 
First Issuing Subsequently Difference in 
Drop of Blood Issuing Drops’ Red Cell Count 
Betore coffee at 7:30 a. m., had 
been quiet since waking up...... 4,120,000 $4,294,000 
Coffee given just after blood ob- 
tained for count above, 8:10 a. m. 4,896,000 4,600, 00K 


104 ,000— 


96 ,000 + 


Increase in red blood eells....... 776,000 376,000 


m Before ta 


resting quietly eam aes 4,072,000 4,248,000 176,000 


After coffee, 8:40 a. 1 tg P 4,920,000 4,312,000 608.0004 


Increase in red blood cells.. 848,000 64.000 


rk of Krogh, Carrier and others has amply demonstrated this as well 

the influence of such measures as stroking and massage toward 

nging the state of dilation of any capillaries at any given time. In 
ase showing on one occasion a minus first drop, a subsequent count 
some removed occasion may reveal an increase in the count of the 
st drop with or without a commensurate rise in the count of the 
urth drop. 

In the same connection it is of interest to note in a preliminary way 

at in some observations by the present authors, the effect of exercise 
and the drinking of coffee has been to increase in a few moments the 
count of the first drop; and, in the case of coffee, to change the minus 
first to a plus first drop (tables 4 and 5). The count of the fourth 
drop generally increases also, though not so markedly. 

This observation tends to corroborate the existence of a lesser num- 
ber of cells in the first drop of the blood of patients with arthritis since 
it shows that suitable measures may restore it to normal. It is also 
particularly significant in view of the fact that exercise and the inges- 


tion of coffee, especially the former, are potent factors in the temporary 
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amelioration of the subjective and objective disabilities of many patients 
with arthritis. Especially is this true in the early morning hours when 
the circulation of all persons is lowest, and when patients with arthritis 
are at their worst. 

Considering in one group fifty-nine observations on fifty patients 
with arthritis, both mild and severe, a minus first drop or lower count 
the first issuing blood was encountered in twenty-four cases, or 41 pet 
cent 

SUMMARY 

A difference can be demonstrated in the number of red cells pet 
cubic millimeter of blood first issuing from a stab of the finger in 
the patient with arthritis as compared with later issuing blood, in th 
the count made from the first blood tends to give lower figures. WI 


TaBLe 5—The Red Cell Count Before and After Exercise 


First Issuing Subsequently Difference in 
Drop of Blood Issuing Drops’ Red Cell Cou: 
White—Rested, lying down an hour after 
midday meal, then exercised vig 
orously for ten minutes without 
perspiring: 











SOON occ co seeukeesie ates menue 4,116,000 192,000 + 
IIE © inven se secetuicenenuayeses exe 4,326,000 450,000— 
Increase in red blood cells..... 210,000 £52,000 


C-j-ri—Rested one half hour before first 
count, then exercised vigorously 
ten minutes without perspiring 





DOMED Keen chunsasetcasberaneee ee 4,712,000 4,808,000 96,000— 
BEIM -dnesavevasdeseusvecs stevens 5,476,000 5,364,000 112,000+ 
Increase in red blood cells..... 764,000 556,000 


this ditference also obtains among normal persons and among patients 
with mild arthritis, it does so with less frequency. This observation is 
interpreted as indicating altered circulatory conditions in arthritis, prob- 
ably in the nature of vasoconstriction, and is in line with other evidet 

to the same end. It is also evident that, even in normal persons, the 
drop of blood first appearing, especially if the stab is shallow, does not 





necessarily yield a blood count representative of the general circulation 
and should be discarded. Reference to the standard textbooks shows 
that this precaution is not observed generally. 

Tables 4 and 5 show clearly that the cell counts of the first and freely 
flowing drops can be influenced in the direction of an increase. It fol- 
lows, therefore, that in the absence of such influence many capillaries, 
even in normal persons, are closed or clogged. The tendency described 
in the patient with arthritis is doubtless an exaggeration of this condition. 
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CAROLINE Y. CROUTER, M.S 
AND 
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lhe difference in the erythrocyte count of the first drop of blood as 


pared with subsequent drops of blood issuing from the lanced finger 
normal person has been described in the preceding article.’ The 
rsal of this difference, observed in patients with chronic arthritis, 
s special interest to this subject and suggests the existence of an 
rmal peripheral circulatory condition in these patients. For this 
mn it seemed desirable to check the observations of Peirce and Pem- 
n independently and, if possible, by other methods. ‘This was par- 
f the differences 


larly appropriate in view of the fact that many « 
lood count reported by them are of about the same magnitude as 
e error of the method used in the red cell count. 
In the hope of checking up the work by entirely independent means, 
problem was attacked in various ways. Differences in the red cell 
tent of specimens of blood would be accompanied by differences in 
iin of the physical and other properties of the blood. For this reason 
first and freely flowing drops were compared as to specific gravity, 
| solids, relative viscosity, iron content and intensity of spectral 
ls. 
(he technic for collecting the specimens of blood, developed and 
described in the previous article was followed scrupulously. 
Benzylbenzoate and cottonseed oil mixtures were employed for deter- 
ination of the specific gravity, as suggested by Rezinkoll.? The total 
solids were determined from the loss in weight of blood collected on 
lter paper and dried at 110 C. A Hess viscosimeter was used to meas- 
re the relative viscosity. These methods were not sufficiently accurate 
to reflect the small differences in red cells present in the specimens of 
blood, and were therefore abandoned. Attempts were then made to 
measure the concentration of the red cells in the first and freely flowing 
drops by a colorimetric determination of the iron content. Brown’s 
*From the Laboratory of Clinical Chemistry Presbyterian Hospital. The 
rk here reported is part of a study on arthritis by Dr. Ralph Pemberton of 
Philadelphia, in collaboration with Dr. Robert B. Osgood of Boston. The 
expenses of the investigation were defrayed by contributions from various sources, 
ncluding a number of patients. 
1. Peirce, E. G., and Pemberton, Ralph: Arch. Int. Med. 39:421 (March) 
a 


</ 


2. Rezinkoll, P.: J. Exper. Med. 38:441 (Oct.) 1923 
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method * was used and the color intensified by the addition of acetone. 
Two hundredths cubic centimeters of blood was used as a minimum. 
Several “first”? drops were required to yield even this amount. The 
quantity of iron present in so small an amount of blood was too 
minute for accurate analysis, and the results were eventually abandoned 
as unreliable. Attempts were then made to determine variations in the 
concentration of hemoglobin in the different specimens of blood by the 
amount of dilution necessary to render invisible the characteristic 
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Photomicrographs of the red cell count of first (upper row) and freely flow- 
ing (lower row) drops of finger blood (case, Brown). The arrows indicate 
the four large squares counted on each plate. The two upper plates (eight 
large squares) of the first drop (4) give a count of 4,584,000 red blood cells; 
the two lower plates of the freely flowing drop (8) give a count of 5,040,000 


red blood cells. 


absorption spectra of oxyhemoglobin. These were not successful 
because the point of disappearance of the absorption bands was too 
indefinite. 

It was finally decided to carry through the whole technic for blood 
counting described by Peirce and Pemberton, with this difference: after 


3. Brown, A. L.: J. Am. Chem. Soc. 44:423 (Feb.) 1922 
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the counting chamber was filled, it was placed under the low power of a 


nicroscope equipped with a euscope and plate holder, and the spread 


was photographed. 


This provided a permanent record of the blood 


hus avoiding the personal equation in the actual counting. 


pread which could then be counted at leisure by more than one worker 


Two phi Ito 


rographs were made of each spread, one of each side of the dividing 


of the counting chamber. 


In figure 1 are reproduced the photo- 


Red Cell Counts of First and Freely Flowing Drops of Blood from 
Finger of Patients with Arthritis and of Normal Subjects 


Patient 


Patients with 


1925 


Date, 


10 

10/12 
10/13 
10/14 
10/15 
10/17 
10/23 
10/23 
10/26 
10/26 
10/27 
10/27 
10 2S 
10/20 
10/290 
10/30 
10/30 


Drop 
First 
4,730,000 
4,844,000 
5,124,000 
4,668,000 
4,912,000 
4,958,000 
4,442,000 
5,324,000 
4,146,000 
4,584,000 
5,072,000 
4,474,000 
4,734,000 
5,076,000 
5,470,000 
5,878,000 
3,914,000 
4,812,000 
4,744,000 
4,210,000 
4,606,000 
4,718,000 
4,398,000 
4,968,000 
5,588,000 
5,020,000 
5,078,000 
4,870,000 
4,752,000 


Normal Persons 
4,628,000 
4,612,000 
4,744,000 
5,152,000 
5,040,000 
6,784,000 
6,480,000 
4,696,000 
6,060,000 
5,366,000 
6,082,000 
5,962,000 


4,558,000 
5,090,000 
5,020,000 
4,773,000 
4,314,000 
5,172,000 
4,642,000 
4,396,000 
4,232,000 
5,988,000 
4,390,000 


Arthritis 


Flowing D 
Freely 
4,284,000 

,oe 000 
5,206,000 * 
,490,000 
5,480,000 


5,040,000 
5,150,000 
, 824,000 
,240,000 
,926,000 
5,740,000 
5,154,000 
»234,000 
896,000 
5,092,000 
324,000 
»2384,000 
344,000 
,688,000 
5,220,000 
5,704,000 
5,072,000 
5,166,000 
,410,000 
5,384,000 


308 000 
802,000 
738,000 
770,000 
914,000 
196,000 
570,000 
424,000 
,914,000 
5,374,000 
3,214,000 
E 2.000 
,084,000 
,980,000 
,730,000 
4,526,000 
4,420,000 
4,656,000 
5,072,000 


So et oe 


Ole 


ifference 


146,000 
108,000 
82 000 
178,000 
568 000 
192,000 
14.000 
210,000 
208.000 
$56,000 
78,000 
850,000 
$94,000 
150,000 
>TO 000 
724,000 
320,000 
24 000 
48,000 
114,000 
> 000 
374,000 
200) 000 
95? OOO 
116,000 
52,000 
SS 000 
160,000 
22 00K 


820 00K 
190,000 

6,000 
382 OK 
126,000 
.Db88,000 


£910,000 


72 000 
146,000 

38,000 
182,000 
630,000 
26,000 
208,000 
134,000 
28,000 
350,000 
98,000 
18,000 
32,000 


+ 419,000 


4,784,000 
5,176,000 
4,586,000 
4,210,000 
4,502,000 a 
5,970,000 + 
4,474,000 


$70,000 
4.000 


- 56,000 
+ 186,000 


270,000 
18,000 
84,000 


Remarks 
Severe 
Mild 
Severe 
Mild (cured 
Severe 
Severe 
Sev ere 
Mild 
Mild 
Mild 


Severe 
Severe 
Severe 
Severe 
Mild 
Severe 
Severe 
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micrographs of spreads of the first and treely flowing drops from 








al 


case of arthritis that showed the typical “minus first drop” (case, 


Brown). After developing and drying, the negatives were placed ov 


a source of illumination, and the cells were counted in the usual mannet 


r 


with the aid of a hand lens. It was found best to count four of the 


six central large squares rather than the corner squares, as 1t was 1mpos- 


sible to obtain an even focus over the whole field. Each negative w 
counted by two persons working independently. 
The results of twenty-nine red cell counts obtained by this phot 


graphic method on a group of twenty-eight patients with arthritis and 


twenty-eight counts on twenty-four normal subjects are given in tabl 
) 


Of the patients with arthritis, fifteen, or 52 per cent, showed a “minu 


first drop;” 31 per cent had a higher red cell content in the first drop 


than in the freely flowing blood, and there was no change, that is, tl 
counts differed by less than 100,000 cells, in 17 per cent. Of the twent 
eight observations on normal subjects, only six, or 21 per cent, had 


minus first drop in contrast to the 52 per cent observed in the arthrit 


group. Forty-three per cent of the normal persons had a higher count 


in the first drop of blood, and in 36 per cent there was no significant 


difference between the two specmens of blood. 

Forty-seven per cent of the nineteen patients with severe arthrit 
showed a “minus first drop,” and 66 per cent of the nine patients w 
mild arthritis had a minus first drop. These results, when compared wi 
those obtained by Peirce and Pemberton, among the arthritic group as 
whole, show a somewhat larger percentage of cases in which the red « 


count in the first drop of blood was lower than in the freely flowi 


blood. A greater incidence of “minus first drop’ was found amot 
patients with mild arthritis and supposedly normal persons than vw 
found in the previous series. The contrast between the normal pers 
and the patient with arthritis is, however, clearly shown. 

\When an average was taken of the two series, thirty-nine patient 
with arthritis, or 44 per cent, showed a definite “minus first drop” 
contrast to seven, or 14 per cent, of the normal persons who had 


“minus first drop” or lower red cell count in the first drop of blood. 


CONCLUSION 


The conclusions of Peirce and Pemberton are in general confirme: 


| 


in the present series. In normal persons the red cell count of the first 


drop of finger blood was frequently (43 per cent) higher than the coun 


of the freely flowing blood. The majority of patients with arthriti 


showed the opposite condition and had a lower count in the first drop of 


finger blood than in the freely flowing blood. 


Tt 
t 
S 


+ 
I 


We wish to express our thanks to Dr. John Eiman, Director of the Pathological 


Laboratory of the Presbyterian Hospital, for his aid in the photographic work. 
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ETIOLOGY AND TREATMENT BY PROGRESSIVE RELAXATION * 
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he cause and treatment of mucous colitis are among the outstanding 
lems of medicine today. This disorder, in common with esophageal 
in, involves hypertonus of smooth muscle of a portion of the 
entary tract and therefore both conditions will be reported in the 
‘nt introductory study of their physiology. In parts of this article 
entary spasm in general will be considered. 
he innervation of the alimentary tract in mammals and in man is not 

closed question. In conflict with theories of “vagotonia” and 
patheticotonia,”’ certain recent studies emphasize that under vary- 
onditions the vagi, as well as the splanchnics, have both motor and 
itory effects on the lower part of the esophagus, cardia, stomach and 
| intestine.! The striated muscle of the esophagus probably receives 
motor fibers from the vagus.” The colon is supplied from the 
nteric plexuses, the pelvic plexus and the pelvic nerve,® but it is 
lenied that the vagus reaches this organ.! 

is generally admitted that the plexuses of Meissner and Auberbach 
rol and coordinate peristalsis, but there has been considerable 
roversy as to what the muscle tissue itself can do when the nerve 


ents are stripped away.” 


From the Hull Physiological Laboratory, University of Chicago. 

Read before the Section on Gastro-Enterology and Proctology at the Seventy- 
th Annual Session of the American Medical Association, Dallas, Texas, 

1926. 

Carlson, A.’ J.; Boyd, T. E., and Pearcy, J. F.: Studies on Visceral 
ry Nervous System, Arch. Int. Med. 30:409-433 (Oct.) 1922. Bayliss and 
ing: J. Physiol. 24:99 (May) 1899; they found both kinds of fibers in the 
s supply to the small intestines, but only inhibitory in the splanchnics, while 
us investigators, also Boehm (Arch. f. exper. Path. u. Pharmakol. 72:5, 

and Carlson (personal communication to the author) find both kinds in 
vagus and splanchnics. Doubtless the effect of the splanchnics on the small 
tine is mainly inhibitory. May: J. Physiol. 31:260 (June 30) 1904. Katz 


Winkler: Beitr. z. exper. Path. 85, 1902. King, C. E.: Am. J. Physiol. 
70:183 (Sept.) 1924. 
2. Carlson, A. J.; Boyd, T. E., and Pearcy, J. F.: Am. J. Physiol. 61:27 
ine) 1922. 
. Langley and Anderson: J Physiol. 18:67, 1895. Elliott and Smith, Bar- 
Clay J. Physiol. 31:272, 1904. 
4. Carlson, in experiments on the severed colon, to be published. Boehm 
(iootnote 1, third reference). 
5. Bayliss and Starling (footnote 1, second reference). Alvarez, W. C.: The 
Mechanics of the Digestive Tract, New York, 1922, p. 10. Carey, E. B.: Internat 


!}. Gastro-Enterol. 1, July, 1921 
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ETIOLOGY OF ALIMENTARY SPASM 


What is the cause of mucous colitis and spastic esophagus? Does 
the hypertonus originate in the mucous membrane, in the nerve endings, 
in the intramuscular plexus, in impulses from the extrinsic nerves, in 
increased excitations from the motor ganglions or nerve centers, 
decreased excitations from inhibitory centers, or from a mixed source 
\ survey of the clinical literature fails to enable us to decide amor 
these possibilities. We may begin with spasm of the lowermost. p 
tion of the esophagus, which often but perhaps not always occurs w! 
spasm elsewhere in the esophagus. Vinson writes of cardiospas! 
“The etiology of the condition is unknown, the numerous hypothe 
failing to explain all cases.” Among other causes he mentions irritat 
lesions in the vagus nerves, esophagitis, fissures at the cardia, kinking 
the esophagus at the hiatus esophagi and extrinsic pressure from 
liver, and he recalls the hypothesis of foreign protein sensitivit 
Observers generally admit that many and various local irritations 
lesions of the gastro-intestinal tract, such as appendicitis, cholecysti 
ulcers, varicosities and tumors, may produce spasm reflexly, either 
the esophagus or colon or elsewhere. These conditions, it would se¢ 
are due to excessive afferent stimulation. Among other causes 
intestinal spasm are mentioned arteriosclerosis, uremia, lead poison 
and tabes. We know that alimentary spasm can readily be excited 
various simple physiologic stimuli to the mucosa.*. We know also t 
once mucous colitis has been incited with an inflamed mucosa 
irritated nerve endings, food and other stimuli normally harmless w 
tend to maintain spasm. [but we do not know whether the muc: 
changes are primary and the spasm secondary or vice versa. Stet 
points out that experimental pathologic and clinical observations mi 
it seem probable that cardiospasm (excepting the reflex types) is d 
in mild cases to vagus neurosis, in severe cases to degenerative chan 
of the vagus... He reminds us of the work of Exner, Heyrovsl 
Paltauf and Kraus as indicating that spasm of the esophas 
and colon occur as the result of excess activity of the vagus due 


perivascular and degencrative changes in the vegetative nervous cent 


He cites two cases of spastic ileus in which necropsy revealed lesions 
6. Vinson, P. P.: Diagnosis and Treatment of Cardiospasm, J. A. M 
82:859-861 (March 15) 1924. 

7. Cardiospasm may be induced by stimulation of the ninth and tenth ner 
afferents, as by cold water in the esophagus or by carbonated water in t 
esophagus or stomach or by mechanical or chemical irritation of the mucosa in t 
cardiac region. Kronecker and Meltzer: Arch. f. Physiol., 1883, supplement 
p. 355. Von Mikulicz: Mitt. a. d. Grenzgeb. d. Med. u. Chir. 12:569, 1903 

8. Steindl, H.: Wien. klin. Wehnschr. (suppl.) 37:3 (Oct. 30) 1924. Chronic 
progressive atrophy of the nerves was found with disappearance of the medullary 
sheaths and increase of interstitial connective tissue. Most of these patients, he 
states, show clinical signs of vagotonia 
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centers of the vegetative neurons; that 1s, in the reticular substance 
he medulla. Steindl concludes that enterospasm may have a demon- 
ble pathology in the vegetative nervous system and that disturbances 
lance in the entire nervous system, organic or functional, may be in 
connection with the occurrence of spasm. His conclusions may 
uire some degree of revision when the distribution and effects of 
vagus in man come to be definitely established. 
t is beyond the scope of the present article to enter into a full account 
resent day knowledge of etiology or of treatment. [Eteindl points 
e extrinsic, efferent nerves as common causes of spasm, and I shall 
o give evidence which (to this extent) harmonizes with his con 
ms,” but from an entirely new point of view. 
is commonly agreed that the nervous system has much to do with 
initiation of mucous colitis, spastic colon and esophageal spasm, 
«© often this is just a loose, general impression, and lacks confirma 
by direct laboratory experiment. The functional nervous aspects 
iternal medicine as a rule are left to general speculation, and the 
nist may be impatient with the more detailed yet safer methods of 
atory investigation in this field. 


RECENT EXPERIMENTS 
xperiments were recently performed by me at the University of 
igo with a balloon in the spastic esophagus. In this way a record 
)btained on smoked paper of the tonus of that muscle. It was found 
under these conditions the muscles of the esophagus contracted 
ely in the presence of emotion, but markedly also with every 
cht process that came to the subject. The esophagus ceased to con- 
as the nervous system quieted down, but only relaxed completely 


1 the mental activity of the subject was made to cease by special 


iods.1° This, then, is evidence of the connection between mental 
vity and at least some types of alimentary spasm.'' In certain other 
experiments I found evidence of a relationship between mental activity 


contraction of striated muscles, for it was shown that with complete 
ixation of skeletal muscles, mental activity dwindles or ceases.'* 


9. Steindl follows Meltzer’s theory of the origin of cardiospasm from disturb 
of vagus fibers, while Rosenheim suggests that the inflamed mucosa causes 
nset. The present observations do not rule out either of these two views in 
, but they bring out the role of a third factor, general nervous hyperactivity. 
mas and Kuntz report recent observations with nicotine showing the impor 
influence of the extrinsic nerves on intestinal tonus. Am. ‘J. Physiol. 76:606 
Mav) 1926. 

10. Jacobson, Edmund: Voluntary Relaxation of the Esophagus, Am. J 
Physiol. 72:387 (May) 1925. 

11. Carlson, A. J., and Luckhart, A. B.: Am. J. Physiol. 57:299 (Sept.) 
1921. 

12. Jacobson, Edmund: Progressive Relaxation, Am. J. Psychol. 36:73-87 
(Jan.) 1925. 


1 
















































MEDICINE 





ARCHIVES OF INTERNAL 





436 





The method to produce an extreme degree of neuromuscular relax- 


ation, as used in these experiments, | have recently described.’* Thi 


method has been found effective in the therapy of certain nervous condi- 


tions.’* It has been shown that by this method both the striated a1 


the smooth muscles of the esophagus can be relaxed.'® This metho 


can be tested also by the knee reflex. As every clinician knows, the kn 
jerk is increased in what is commonly called relaxation, but Carlson ai 
I investigated the influence of extreme relaxation produced by tl 
method on the normal knee jerk and found that with advanced relaxati 
the jerk dwindles or disappears.'® I wish briefly to refer to thi 
further sets of experiments which give evidence that the method 

progressive relaxation reduces the activity and irritability of the nervi 
system. In 1911, at Cornell University I found that the cerebral activ 
of attention apparently diminished in the presence of general relaxatior 
In extreme instances, advancing relaxation brought on a natural sl 
even while the subject was sitting up awaiting his task. In 1908, 
Harvard | found that general nervous irritability, as measured 

smoked records of the nervous start, diminishes with advancing rel: 
ation.’* These experiments have recently been confirmed with 

flexion reflex and carried further by Miller working under my di 


tion at the University of Chicago.” 


CLINICAL OBSERVATIONS AND TREATMENT 


| wish now to present in an introductory way some clinical obs 
vations which suggest that alimentary hypertension may be reduced 
the method of progressive relaxation. The clinical observations on 
colon will need to be followed by corresponding laboratory inves 
gations, and we should not consider the subject closed until then. Or 
an abridged account of methods and a few sample records can be gi\ 
in limited space. Three cases are cited of esophageal spasm. The 
are of the mild type without dilatation. The diagnosis rested on | 
clinical symptoms and on the fluoroscopic observations. Certain roentg 


13. Jacobson, Edmund: The Technic of Progressive Relaxation, J. Nerv 
Ment. Dis. 60:560-578 (Dec.) 1924. 

14. Jacobson, Edmund: Use of Relaxation in Hypertensive States, New Y: 
M. J. 111:419 (March 6) 1920; Reduction of Nervous Irritability and Excitem« 
by Progressive Relaxation, J. Nerv. & Ment. Dis. 53:282 (April) 1921; Tre 
ment of Nervous Irritability and Excitement, Illinois M. J. 39:243 (March) 19 

15. Jacobson, Edmund, and Carlson, A. J.: The Influence of Relaxation up 
the Knee-Jerk, Am. J. Physiol. 73:324 (July) 1925. 

16. Jacobson, Edmund: Further Experiments on the Inhibition of Sensatio 
Am. J. Psychol. 23:345-369, 1912. 

18. Jacobson, Edmund: The Response to a Sudden Unexpected Stimulus, 
Exper. Psychol. 9:19 (Feb.) 1926. 

19. Miller, M.: Changes in the Response to Electric Shock Produced 
Varying Muscular Conditions, J. Exper. Psychol. 9:26 (Feb.) 1926 
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83:911-913 (Sept. 20) 1924. 
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{1\D 


ims have been published *” previously. In the first case the patient 


plained of epigastric pain radiating up under the sternum. Graphic 
ords were made with a balloon in the spastic esophagus. .\ separate 
rd was kept of the times when the patient complained of pain 
as found that these times corresponded with the presence of spasm 
e esophagus. As the patient relaxed progressively during the course 
single hour the pain disappeared. This was not suggestion, for the 
nt could not see the record and therefore could not know when his 
hagus was spastic. After he had received partial training, the pain 
ent at the beginning of an experimental period disappeared as he 


As 


weeks or 


ne generally relaxed toward the end. he became trained to 


tual relaxation in the course of months, the subjective 


toms diminished or disappeared, and the roentgen-ray examination 
tedly revealed no spasm. It seems, therefore, safe to conclude that 
ageal spasm, at least of mild degree, may be effectively treated by 
resent method. 


st 1.—H. K., 2 
he complained of daily severe pain in the epigastrium, continuous for hours 
had been a sudden onset in 1920, marked by continuous pain for 
iys, then partial relief, but for two weeks pain was so severe when he began 
daily, 


more 


a university student, aged 19, was first seen in January, 1923, 


cramping 

that he could scarcely continue. Since the onset, pain had been present 

mes cramping, sometimes burning, hour or 

type of di 
he 


hen present in 


sometimes relieved for an 


ting. The pain sometimes seemed to merge into a vague stress 
said he could not distinguish from the feeling of 


nervous strain, such as during recitation at school or w 


he fright had when 


large 


rings. He had been examined by an internist in 1920, and I am permitted 
te the observations. On examination nothing of note was found except a 
epigastric tenderness. The roentgen-ray report was negative except for a 


irregularity of the bulbus, a little duodenal stasis and a somewhat persistent 
Motor meals and fractional examination gave some figures that wer¢ 
The feces, blood, urine and Wassermann examinations were negative. The 
was given a milk and cream diet and periodic alkalis, but the symptoms 
In 1922, a neurologist had applied suggestive treatment to 
il discussion but the had _ continued. physical 
I made in 1923, including a proctoscopic examination, disclosed nothing new 
tailed study was therefore made with the fluoroscope, and esophageal spasm 
plainly revealed as the source of the pain. 
rmed with graphic records at the University of Chicago, which have 
which made with a_ balloon 
agus, showed that the presence of pain coincided with the presence 
m was also revealed in the roentgen-ray study of the pylorus and colon, and 


nued. him with 


pain General examination 


This examination was clearly 
been 


shed previously. These records, were in the 


1f spasm 
therefore possible that some of the pain proceeded from this source. The 


lenal fleck was again seen. An Ewald meal yielded 370 cc., total acidity 60, 


hydrochloric acid 52, combined hydrochloric acid 4, combined acids and salts 
irganic acid and salts 4, with a slightly positive Weber and benzidine test. 
denal aspiration and stools were negative. The history of onset along with 


finding of hyperacidity and the duodenal “fleck’”’ with a little local tenderness 


that duodenal ulcer have been but this remains doubt 


gest 


26). 


may present, in 


20 Jacobson (footnote 10); Physiology of Globus Hystericus, J A. M. A. 
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Progressive relaxation was begun, Jan. 8, 1923, with triweekly treatments bu 
with daily practice on the part of the patient. Objective tests were made as thi 


patient learned to relax. It was found with graphic records and with roentgen 
logic studies, as previously published, that this patient could voluntarily relax tl 
esophagus. After many months of training, the knee-jerk test often showed 
somewhat diminished reaction during relaxation. 

Directions were given to the patient to alter his habits of life so as to avo 
undue nervous strain. These directions, according to the patient’s own admissic 
were not always followed. His progress was gradual and with brief relaps 
His general appearance showed a change as he learned to relax, for pallor, shifti 
eye and anxious expression gave way to a better color, and a general air 
determination. His reports show the gradual character of improvement on 
subjective side. He reported slight improvement on the twelfth day, dist 
improvement on the seventeenth. After five weeks he reported much improvem 
in pain for ten days, but this was followed by a relapse. At times when 
personal affairs involved strain, such as college examinations, there was a tende1 
to relapse. After about six months he reported that pain was reduced to perha 
half the original duration or strength. It was found possible, for experimet 
purposes, to reinduce spasm and pain by putting the subject to certain tasks 


strain 

At present, fluoroscopic tests no longer reveal spasm. The patient compla 
of an occasional pain, but it is very mild and infrequent in comparison wit! 
original 

Four cases of mucous colitis are cited, other patients still bet 
under treatment. The diagnosis here rests on the history, perhaps t 


f a tender and firm colon, the presence of mucus, sometin 


palpation 


with ribbon-like or ball stools, the evidence ot pre CLOSCOPY, and re ente« 


rav examination. The barium enema, in connection with the roentg 
ray, May give certain evidence of spasticity, but I have preferred to 1 
the ordinary barium meal as a more normal test. I have taken 


roentgen-ray evidence of colonic spasticity the presence of an irregulat 


narrowed colon, or the marked deepening of haustra.*' The treatm« 
of these colonic cases has generally taken more than a vear. The patie 


continues to practice daily after being discharged by the physician. 
judging the results, reliance has been placed not on the subjecti 
reports of patients but on the objective observations. Mucus has pr: 
tically disappeared or its occurrence has become infrequent and small 
in amount; the stool has lost its ribbon-like character and assumes 
normal contour; the colon no longer is found firm and _ tender 


palpation; the roentgen ray finally reveals a colon of normal marking 


Case 2—E. T., a woman, aged 58, of a notable Irish family, complained 


January, 1922, of symptoms of mucous colitis for thirty years. Her attacl 


formerly had come on about six times a year, but during recent years were on t 


increase, until of late they appeared two or three times a month. They wet 


increasing in severity, for pain had been marked during the last four vears 


be found in Carman, R. D.: Roentgen Diagnosis of Diseases of the Alimenta 
Canal, ed. 2, Philadelphia, 1921, pp. 595 and 529. Also in Heagey, F. W 


Radiol. 5:261 (Aug.) 1924, and Case, J. T.: New York State J. Med. 21:158 
(May) 1921. Analogous signs for the small intestine are given by Mills, R. W 


Am. J. Roentgenol. 9:199 (April) 1922. 





21. A brief account of the roentgen-ray signs of spasticity of the colon will 
ry 


| 
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the abdomen, sometimes shooting down the thighs, sometimes passing with a 
ing sensation up under the sternum. These attacks generally lasted about two 
continuously, including the nights, and were relieved only by the electric pad 
lightly by baking soda. Cramping abdominal pain occurred with bowel 
ment, and epigastric distress usually followed eating or drinking within five 


minutes. This pain generally disappeared spontaneously an hour or two 
eating. In addition to mucus, she asserted that her stools had seemed to 
blood and pus. She emphasized her general weakness and inability t 
in normal activities. Her other complaints were constipation, trequent 
and pain in the chest, sometimes with shortness of breath. Her husband 
ing and well. One son of 31 was mentally subnormal. She had had on¢ 





vy. 1 (case 2 Feb. 9. 1922, original examination in mucous colitis showed 


hly spastic colon, with almost stricture-like appearance near splenic flexure ; 


filled out with a barium enema 


‘irth at seven months and another premature delivery at seven months, with 
soon after birth \ boy had died at 5 months apparently from stomach 


ible. The patient’s past history was negative except that she had had a 


I 
ij 


ll 


re 


] 
I 


orrhoidectomy twenty-five years before and two operations on the uterus 


*’hysical examination revealed a short, stocky woman with good color, normal 


‘ 
ulse and temperature, but with marked signs of suffering when seen during a 


The heart and lungs were normal, as well as the other regions not mentioned 
The blood pressure was 188 systolic and 100 diastolic. Exquisite tenderness 
present over the gallbladder, and at McBurney’s point, less marked over the 
1 generally. The entire colon was palpably firm, and there was slight abdom- 


il resistance. The roentgen ray revealed a spastic colon (fig. 1) with an area 
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f marked constriction near the splenic flexure. Under the roentgen ray, tender- 
ness was severe over the gallbladder area and near McBurney’'s point, but marked 
also over the hepatic flexure and duodenum. Rather noteworthy hypermotility was 
shown by the barium reaching the descending colon in five hours. The duodenum 
showed stasis and limited motility, and the cecum also was not perfectly free 


There were several fairly large hemorrhoids, and the proctoscope revealed some 
redness of the mucosa and on the right side beginning about 4 em. from tl 


anal orifice. The vagina was narrowed following perineorrhaphy, and the cervi 
had been partially amputated. The stools were yellow or greenish, with consider 
able mucus. The hemoglobin content was 80 per cent. The blood was otherwi 
egative, including the Wassermann reaction. An Ewald meal gave no evidet 





Fig. 2 (case 2).—May 12, 1925, the colon much improved but still som 
what spastic on twenty-four hour observation. The constricted band near tl 
splenic flexure was now filled out. Later observation (forty-eight hours) showe 


stasis. 


that was noteworthy, nor a stool culture. Aspiration of the duodenum showe 
the presence of strings of mucus, pus and squamous epithelial cells in tl 
fraction presumed to be from the gallbladder. Ferments were normally present. 
A cystoscopic examination made by a consultant showed a chronic trigonal 
hyperemia, which was treated with applications of silver nitrate 

When treatment was begun with this patient, it did not occur to me to tt 
progressive relaxation, and for about three months the more or less usual thera- 
peutic measures were applied. Diet was carefully limited; liquid petrolatum was 
given by mouth and olive oil by retention enemas. Much daily rest in bed was 
prescribed in the ordinary way. But these and other accessory measures did not 
Tincture of belladonna, benzyl benzoate, even diathermy for pain 





prove successful. 
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tried and discarded. The failure of these measures, from which much had 
oped, incidentally gave evidence that the patient’s condition did not respond 
egestion.”” I considered the removal of the appendix and gallbladder, but a 
1 consultant, Dr. E. Willys Andrews, seemed doubtful, and Dr. Edmund 
ws suggested that progressive relaxation be tried 
atment with progressive relaxation was accordingly begun in May, 1922. 
itient was not very clever at learning to recognize muscular contractions, 
part of the present method. One of the striking features of her postural 
is a severe frown with wrinkled forehead, and much practice was devoted 
egion As sl 


itions showed a change. May 1-6, there w 


Y 


1e gradually became relaxed, the hospital record of stool 
‘re shreds of mucus; May 11-12, 





ig. 3 (case 3).—July 18, 1923, original examination of spastic colon in mucous 
Il shreds; May 10-23, no mucus; then a reappearance, May 25. Thereafter 
is was largely absent. The general symptoms and signs gradually abated, 
ept for a relapse during the last two weeks of July. Aug. 15, 1922, while 


in the hospital, the gallbladder region had become entirely free from 
lerness, the ileocecal region showed but slight tenderness and the transverse 





but little. Pain on defecation was much diminished and often absent. 
tacks of pain were now infrequent and no longer of former severity. The stools 
re usually normal. The patient was discharged from the hospital, but con- 


tinued daily practice at home with practically no further direction from the 
physician. 

\t home she continued without further medical aid to improve at relaxing 
her muscles, just as an individual will improve with practice after instruction at the 
piano or dancing or other physical feat. After about six months more, tenderness 
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had disappeared trom the abdomen, and the colon no longer was firm to palpati 
She went to California and nursed her husband who had become ill, drove 
motor car and performed other functions with impunity for the first time in many 
vears. A roentgenogram (fig. 2) was made for me in 1925 by Dr. A. B. Smit 
at La Jolla, and reveals a colon no longer extremely spastic. Relapse with tl 
patient has been mild, infrequent and brief 

Case 3—E. R., a married woman, aged 34, complained in June, 1923, 
spells of diarrhea, often with mucus, for the preceding fourteen years. S 
mentioned occasional tenderness in the right side or umbilical pain. She had 
a partial tonsillectomy in childhood, pneumonia and the usual other disorders 
12 she had an enlarged thyroid, which was treated with roentgen rays until 
subsided Her mother also had colitis for several years 





‘ig case 3).—Aug. 22, 1924, diminished spasticity of colon after about « 
| 4 | \ 22, 1924, d hed t it bout 


vear Of treatment 


Che present illness began at the age of 20, with much distress and diarrh« 
after meals. This seemed especially marked aiter nervous difficulties over 1lo\ 
affairs. About a year later, a badly infected appendix was removed. Distres 
and diarrhea continued severe during the following few months, with moderat 
improvement thereafter. In 1914, there was occasional vomiting after or befor 
meals. She was married in 1917. Spells of diarrhea seemed to come on aftei 
getting chilled, after eating an ordinary meal, after anxiety about her baby, or 
worry about a visit. After the first childbirth, 1919, her hemoglobin “sank to 


very low figure.” A second childbirth occurred in 1921. The perineum wa 
lacerated, impairing control of the anal sphincter. 
Examination disclosed a fairly nourished woman. The blood pressure was 


116 systolic and 80 diastolic. The eyes, nasal passages and tongue were normal 
The tonsil remnants occasionally showed a little dried streak or pus on the left 
The thyroid was fairly firm but not enlarged. The heart was normal. The lungs 
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s ed no signs of an active process. At the time of first examination the colon 
not tender or palpable. A midline scar from the pubis to about 2 cm. abov 
mbilicus dated from a cesarean section. The deep retlexes were of increased 
ess. Proctoscopic examination revealed a little generalized redness of the 

a, beginning about 9 cm. from the anus with a little mucus, but no 
mation of the cryptic region. The roentgen ray showed a= spastic 

3). The urine was normal. Cultures of the feces gave Bacillus col 





] 


tphylococcus albus. No tubercle bacilli and no ova or parasites were found 
al metabolic test, roentgenograms of the teeth and a Wassermann test « 


late proved negative. 


eatment was begun with relaxation and restriction of diet to milk, eggs, 











fruits, cereals, custards and jelly. Observations disclosed that spells 
z , 
i 
ig. 5 (case 3).—Feb. 16, 1926, improved condition of colon two vears later 
hea occurred after what for her appeared to be dietary indiscretions, sucl 


iting onions, after coryza, but most often after general overstrain, such as 
rred when her husband or children fell ill. It took about forty-five days before 
began to make apparent progress in relaxation. Diarrhea became markedly 
ninished at about this time. A recurrence followed the illness of her husband 
vious to treatment such spells had lasted from one week to a month, with a 
nimum of three to four days. During the first vear of treatment the spells 
only became less frequent but were generally stopped after intensive relaxa- 
during many hours for one to three days. Roentgenograms taken in August, 
1924, showed a colon not far from normal in appearance (fig. 4). The pylorus 
| not open until after ten minutes. The patient reported marked improvement 
this time, the spells coming about one fifth as often as formerly and lasting 
ut one fifth as long. The great length of treatment seemed to be due to 
failure of the patient to follow directions about diminishing her domestic and 


a} 
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social activities. Instructions had to be repeated many times before they wert 
followed. She continued to practice at home after this time, occasionally calling 
for treatment. At the end of this time spells had become infrequent. Roentgen 

grams now reveal a practically normal colon (fig. 5), but a little pylorospasm ha 
persisted. 

\t present, in comparison with the period before treatment, she shows 
greatly diminished tendency toward spells. During prolonged intervals she 
free from symptoms and signs. However, spells of relatively shorter duration tl 
formerly still sometimes tend to appear after coryza or overwork. She has shovy 

certain flippancy in regard to cooperation and a consequent lack ot skill 
relaxation, which seems to account for the variations in her condition. Tonsill 
omy has just been performed. The stability of result in this case does not equ 
that of the three others cited. 


\ny present day treatment of alimentary spasm will of course beg 
with a thorough search and removal, 1f possible, of focal infectior 
here is a tendency to relapse for a brief period if the patient is p 
under severe nervous strain, or on the onset of marked infection, su 
as severe corvza. In the present studies, other measures besides pt 


vressive relaxation were excluded so far as possible in order to isol: 
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Fig. 6 (case S. W.).—Test of ability to relax as shown by diminution of kn 
reflex in mucous colitis: This record shows fair but not extreme relaxaty 
which is marked by complete disappearance of the knee jerk 


the effects of this method aione. However, this could not always 
accomplished perfectly. It seemed best, in order to favor the results, t 
advise the patient to masticate food thoroughly, and to avoid such food 
as seemed to the patient and the physician to stir up colonic spells. 4 
times when there was constipation, liquid petrolatum or an emulsion ( 
liquid petrolatum and agar was used for a brief period; in two cases whe 
the proctoscope showed an irritated mucosa, olive oil retention enema 
were employed. However, such accessory measures have been in wide us 
heretofore and are well known to be uncertain in themselves to brin: 
about good results in mucous colitis; therefore, it may be assumed tha 
they play a minor role in the present studies. The effect of progressive 
relaxation was most clearly isolated with the first patient studied, for 
here months of treatment in bed at home and in the hospital with die 





and other measures, including diathermy, had failed to produce the 
desired result, showing that the condition did not respond to ordinary 
rest or suggestion. It was only when she later learned to relax that the 


tenderness disappeared and the objective indications of spasticity waned. 
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Something more than what is popularly termed relaxation is meant 
hese reports. It has been found that to train an investigator in this 
as is done at the University of Chicago, requires months of pre- 
nary training. 
SUMMARY AND CONCLUSIONS 
aboratory investigations have given evidence that mental and 
ional activity may take part in the production and maintenance of 
ageal spasm, at least of the mild type. Other experiments have 
yn_a relationship between mental activity and contraction of skeletal 
les, for with advancing muscular relaxation mental and emotional 
ity dwindle or cease. ‘These experiments have led the way to the 
opment of a method called progressive relaxation, which has been 
to diminish central nervous activity as tested by the flexion 
and other reflexes. In practice this method is tested by the 
ution of the knee reflex during advanced relaxation. It has been 
n that by this method at least one type of alimentary spasm 
phagus ) may be diminished in a number of persons. This method 
rently acts through the reduction of reflexes of skeletal musculature, 
by bringing with it a corresponding reduction of proprioceptive 
ilses and of reflex stimulation of the alimentary tract. By this 
ns, in all probability, the excitability of the nerve centers is reduced. 
cal observations now suggest that this method may be successfully 


ied to the treatment of mucous colitis. 













































STUDIES ON PERITONITIS 





I. PRODUCTION OI EXPERIMENTAL PERITONITIS AND SURVIVAI 


* 


FOLLOWING INTRAPERITONEAL INJECTION OI BACILLUS. -COLI 


BERNHARD STEINBERG, M.D. 


Fellow in Medicine, National Research Counci 


AND 
HARRY GOLDBLATT, M.D 


CLEVELAND 


Attempts have been made to produce experimental peritonitis 
the intraperitoneal injection of bacteria into rabbits (Wegner,’ Benia 
and others) and into dogs ( Noetzel*). The results have been confi 
ing, some investigators reporting rapid death; others, survival of 
animals. The discrepancy is probably due to the variability in the nw 
bers, type and pathogenicity of the organisms used as well as to 
nature of the fluid employed in the suspension of the bacteria. La 
work has shown that the intraperitoneal injection of relatively lat 
quantities of broth cultures of virulent Bacillus coli will kill rabb 
quickly without inducing severe peritoneal reaction (Steinberg a 
Ecker *). The same applies to guinea-pigs and to rats (unpublish 
experiments—Steinberg ). 

This study was undertaken to determine the conditions necessa 
for the production of fatal peritonitis in the dog by the intraperitons 
injection of bacteria. 

EXPERIMENTAL WORK 

The micro-organism used in this investigation was a strain of virule 
B. colt isolated from the blood of a human being. Dogs weighing from 15 
20 Kg. were employed. 

Intraperitoneal Injection of B. coli Suspended in Saline Solution.—Sev 
dogs were used. In five of these the injection consisted of three agar sla 
of a twenty-four hour culture of B. coli suspended in 40 cc. of 0.9 per ce 
sodium chloride solution, and in two others it consisted of 5 agar slants 
a similar culture in 75 cc. of saline. 

One of the dogs that received three agar slants in 40 cc. of saline die 
in about fourteen hours, with severe hemorrhagic serofibrinous peritonitis. 

The remaining six dogs were ill for the first three or four hours afte 
the injection, but they survived. 








* From the Department of Pathology, School of Medicine, Western Reserve 
University. 
* Aided in part by a grant from the American Medical Association. 
. Wegner, G.: Arch. klin. Chir. 20:51, 1876-1877. 
3enians, I. H. C.: Brit. J. Exper. Path. 5:123 (June) 1924. 
Noetzel, W.: Arch. klin. Chir. 57:311, 1898. 
. Steinberg, B., and Ecker, E. F.: J. Exper. Med. 43:433 (April) 1926. 
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traperitoneal Injection of Broth Culture of B. coli—Five dogs were 
yed. In three, the injection consisted of 50 cc. and in two, of 100 cc. 
twenty-four hour broth culture of B&. coli. The animals were ill for 
or four hours after the injection, but all survived 

raperitoneal Injection of B. coli and Aleuronat—Two dogs were used. 
received an injection of 50 cc. of a twenty-four hour broth culture of 

containing 5 Gm. of aleuronat. The dogs were ill but survived 
raperttoneal Injection of B. coli and Gum Tragacanth.—Eight dogs were 
ved. In five, the injection consisted of 40 cc. of a 2.5 per cent suspension 

tragacanth in 0.9 per cent sodium chloride solution containing 3 agar 
of a twenty-four hour culture of B. coli. In three, the injection consisted 
cc. of a 2.5 per cent suspension of gum tragacanth in a twenty-four hour 
culture of B. coli. The eight animals died. All became ill in about one and 
ilf hours after the injection. They vomited, at first food, later bile- 
d fluid. Rapid respiration and weakness were early symptoms. Severe 
ea usually occurred in about four hours after the injection. Prostration 
nally coma began about one-half to one hour before death, which occurred 
m five to fourteen hours. 

autopsy, the peritoneal cavity contained from 100 to 250 cc. of a bloody 
containing a few flakes of fibrin, and some of the tragacanth. Both 
ral and parietal peritoneum were generally intensely hyperemic and hemor 

The parenchymatous organs showed a moderate degree of cloudy 

ng and congestion. Smears of peritoneal fluid showed numerous gram- 
e bacilli, and cultures proved them to be pure B. coli 

tperitoneal Injection of B. coli Suspended in Gum Tragacanth and Direct 
1ge of the Thoracic Duct.—A glass cannula with rubber tubing attached 
nserted directly into the thoracic duct of three dogs. The operation was 
rmed under ether anesthesia and in each case lasted about twenty minutes 
hours after the operation, the animals were in excellent condition and 
ed an intraperitoneal injection consisting of 40 cc. of a 2.5 per cent gum 
canth suspension in 0.9 per cent sodium chloride solution containing 3 
slants of a twenty-four hour culture of B. coli. They died in four and 


ilf. five and one-half and seven and one-half hours after the injection, 


ctively. Throughout the duration of the experiment there was a copious 
age of lymph in the three animals. After the intraperitoneal injection, 
dogs showed the same signs and symptoms as three others which were 
lrained, but which received the same intraperitoneal injection. These 


and symptoms were described in the previous section. The autopsy 
rvations were similar in drained and undrained animals; namely, a severe 
rrhagic serofibrinous peritonitis. 

traperitoneal Injection of Gum Tragacanth Alone——As controls, three dogs 
ved intraperitoneal injections with a 2.5 per cent suspension of gum 
acanth in 0.9 per cent sodium chloride solution. The injection consisted 
40 cc. of this suspension. The animals showed no symptoms, and all 
\ ived. 

CONCLUSIONS 

1. When large numbers of virulent B. coli suspended in physiologic 
lium chloride or broth cultures of B. coli are injected intraperitoneally 
} dogs, the animals practically always survive. 

2. Dogs also survive the intraperitoneal injection of broth cultures 
B. coli containing aleuronat. 

3. When large numbers of virulent B. coli suspended in gum 
agacanth are injected intraperitoneally into dogs, the animals always 


and the outcome is not altered by direct drainage of the thoracic 
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Summary of Experiments 


and Quantity of Intraperitoneal 
Injection 


Type 
Saline Suspension of Bacteria 
agar slants of B. coli ir 
chloride solution 


40 cc. of 0.9% sodiun 


eoli in 75 ee. of 0.9% sodium 


5 agar slants of B 
chloride solution 
Broth Culture of Bacteria 


hour culture of 
similar culture 


5O ce. of 24 B. coli in broth 

100 ce. of : ay eS 
Aleuronat 

of B. coli plus 5 Gn 


Broth Culture of Bacteria and 
50 ee. of 24 hour broth eulture 

of aleuronat 
Gum 
10 


sodium 


Tragacanth alone 
of 2.5% gum 
chloride 


tragacanth suspension in 0.9% 
solution 


Suspension of Bacteria in Gum Tragacanth 


40 ce. of 2.5% gum tragacanth suspension in saline 
containing 3 agar slants of a 24 hour culture of 
B. eoli Da ORS Canteen eae 

40 cc. of a similar suspension................ 


Broth Culture of Bacteria plus Gum Tragacanth 
40 ce. of a 2.5% suspension of gum tragacanth in a 


24 hour broth culture of B. col 





MEDICINE 


Outeome and 
Remarks 


Four survived; one died 


Both survived 


All survived 


Both survived 
7 


Both survived 


All survived 


All died 
Thoracic 
all died 


duet d 





All died 














STUDIES ON PERITONITIS 





PASSAGE OF BACTERIA FROM THE PERITONEAL CAVITY INTO 


LYMPH AND _ BLOOD * 


BERNHARD STEINBERG, M.D.7 
AND 
HARRY GOLDBLATT, M.D 


CLEVELAND 


has been shown in a previous paper that dogs survive intra 
neal injections of colon bacilli suspended in saline, but that they 
imb to intraperitoneal injections of colon bacilli suspended in gum 
icanth. This study concerns itself with the fate of the bacteria after 
intraperitoneal injection in the two suspensions mentioned. 
ince the original investigations of von Recklinghausen,' 1863, much 
has been done on the absorption from the peritoneal cavity of 

both diffusible and colloidal), organic and inorganic substances in 
on and suspension, and colloids, including bacteria. The literature 
e subject has been covered by Bolton,? 1921, Katsura * and Notkin.* 
results of the various investigators have been conflicting in regard to 
iode of absorption of the various substances. In the investigation 
sorption by way of the lymphatics, the thoracic duct had been the 


channel considered until the work of Bolton, 1921, and of Katsura, 


indicated the importance of the right lymphatic duct. 


METHOD OF STUDY 


gs were used for these experiments. In most instances the animals were 
e night before the experiment, but in some cases they fasted for twenty 
hours. Under ether anesthesia, and with aseptic precautions, a glass 
ila was introduced into the thoracic duct and another into the femoral 
\ll communications between thoracic duct and veins of the neck were 
ed. The mode of communication between thoracic duct and veins is 
le. Failure to recognize this variability may leave a connection between 
phatic and venous systems. Figure 1 illustrates diagrammatically some 
e more common variations. 
n the qualitative study, cultures of lymph were taken in broth and o1 
sell’s double sugar, and cultures of blood were taken in broth only. After 
eight hours, all broth cultures were transferred to Russell's medium, and 


\ided in part by a grant from the American Medical Association 


From Department of Pathology, School of Medicine, Western Reserve 


niversity. 

+ Fellow in Medicine, National Research Council 
1. Von Recklinghausen: Virchow’s Arch. f. path. Anat. 24:172, 1863 
2. Bolton, C. J.: J. Path. & Bact. 24:429 (Oct.) 1921 

3. Katsura, Shigehiro: Tohoku J. Exper. Med. 5:294, 1924. 

4. Notkin, J. A.: Virchow’s Arch. f. path. Anat. 255:471, 1925 
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rom three to five days the broth cultures were tested by Ehrlich’s method 
the presence ol indol. 

mediately after the cannulas were inserted, several control cultures ot 

and blood were taken; then the intraperitoneal injection of bacterial 
nsion was made, and following this, lymph and blood were cultured 
iltaneously at frequent intervals. 

the quantitative estimation of bacteria in lymph and blood, the plating 
d of Karsner, Brittingham and Richardson” was used 


L—aA Typical Protocol of an Experiment Intraperitoneal Injecti 


of B. Colt Suspended m Saline * 


Lymph Cultures (Thoracie Duct Blood Cultures (Femoral Artery 


Smear Russell Indol "Time Smeal! Russell Indo 


ui) 


12:22 
12:24 


2H B. coli fro igar slants in 40 cc. of physiologic sodium chloride was injected 
traperitoneally 
»~ ? ~ 
4 
1 
t 
74 
4 
i44 
2347 





B. coli appeared in the thoracic duct lymph in nine and a half minutes and in blood 
and a half minutes. Cultures were taken for one hour after the intraperiton 


tion 


CULTURES OF BLOOD AND LYMPH AFTER INTRAPERITONEAI 
INJECTION OF 8B. COLI SUSPENDED IN 
SALINE SOLUTION 
t) Qualitative —Five dogs were used. The intraperitoneal injec- 
consisted of 40 ce. of C ) per cent sodium chloride solution contain- 
three agar slants of a twenty-four hour culture of B. coli. Table | 
protocol of a typical experiment; table 2 is a summary of the five 
periments. 

The control cultures were negative. The bacteria appeared in lymph 
d blood, slightly earlier in lymph (table 2). In experiment 4, in which 
the time of the first appearance of bacteria in lymph and blood coin- 
5. Karsner, H. T.:; Brittingham, H. H., and Richardson, M. L I. M 
Research. 44:83 (Sept.) 1923 
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cides (four minutes) these were the first cultures taken after the injec- 


tion; and in experiment 5, in which the same thing occurs, the interval 


between cultures was five minutes. 
(b) Quantitative— 


into lymph and blood after the intraperitoneal injection of saline suspen 
sion of B. coli (40 ce. of 0.9 per cent sodium chloride solution contai 


ing three agar slants of a twenty-four hour culture), the plating meth 


of Karsner, Brittingham and Richardson’ was used. Plates of 


and Russell mediums were employed. Table 3 illustrates the results 
the experiments. 

PABLI - Intrapertt meal In ectton of ( Hyon Bacill 
Phystologic Sodium Chloride 
Duration of 


Time of First Appearance of Bacteria in 


No. of Weight of Experiment 
Exper Dog Lymph Blood After the 
¢ Kg (‘Thoracie Duct (Femoral Artery Injection 

l minutes ] minutes 1 hour 
20 11 minutes 12% minutes $5 minutes 

rT %lo minutes 156 minutes 1 hour 

4 17 $ minutes $ minutes 2 hours 

. Is 24 minutes 24 minutes 3 hours 
¢ 14 Thoracie duct intact { minutes 30 minutes 

Dog placed in Fowler’s position 


Intrape) tfonea 


Lymph and Blood 
Colt Suspended in 


« 1f te? 
Saline 


tp } sae 
icterial Counts of 


Injection of B 


TABLE 3.—Bi 


Experiment 1} Experiment 2 
Number of Number of Bacteria per Ce Number of Number of Bacteria per C¢ 
Minutes after — Minutes after on - 
Injection Lymph Blood Injection Lymph Blood 
6 58,000 Sterile 10 64,000 11,000 
2 5,240,006 900 20 1,170,000 Not estimat 
60 Not countable 60 10) 800,000 11,000 
n dilutions el 80,000 3,000 
made 9 4,000 S60 
125 10,000 130 
155 20,000 60 


In spite of the margin of error of the method employed, the ditt 
ence between the number of bacteria in lymph and blood was so gr 
that the results are of value. 


Two dogs were used. In the first experiment, which was continu’ 


for only one hour, the bacteria appeared earlier, and in far greate 


numbers, in lymph than in blood. In the second experiment, which wz 


continued for two hours and thirty-five minutes, the number of bacter! 
was again greater in lymph than in blood, but the difference was not 


so great as in the first experiment. 


fact that the flow of lymph in the second dog was much greater than 11 
] 


the first. 
a rapid diminution of the number of bacteria in lymph and in blood. 


To compare the number of bacteria which pass 


End 


This may be accounted for by the 


In the second experiment, after twenty minutes, there occurre 
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mtrol cultures taken prior to the intraperitoneal injection of the 
nisms were sterile. 
Vecropsy.—The animals used in experiments I a and in I > were 

in from two to ten hours after the injection. In those killed two 
s after the injection, no gross abnormalities were found, and usually 
a small amount of the injected material remained. In those killed 
(up to ten hours after the injection) a slight amount of hyperemia 
isceral and parietal peritoneum was usually seen 


ULTURES OF BLOOD AND LYMPH AFTER INTRAPERITONEAL 
INJECTION OF B. COLI SUSPENDED IN 
GUM TRAGACANTH 
1) Qualitative —light dogs were used. In five dogs (experiment 
5, table 4+), the injection consisted of three agar slants of a twenty- 
hour culture of B. coli in a 2.5 per cent suspension of gum traga- 
in 0.9 per cent sodium chloride solution. 


PaBLeE 4.—I/ntraperitoneal Injection of Colon Bacilli: Suspended 


Gum Tragacanth 





‘Time of First Appearance of Bacteria ir Duration of 
of Weight of ie — _ Experiment 
per Dog in Lymph Blood After the 
nt Kg. (Thoracic Duct (Femoral Artery Injection 
1 15 9 minutes Sterile > hours i 
) 20 16 minutes Sterile 214 hours ; 
18 14 minutes Sterile 1 hour 20 mir ; 
{ 19 19 minutes Sterile 2 hours : 
' 18 35144 minutes Sterile > hours 
Ui Is Thoracie duet Sterile 6 hours (until 
intact death) 
7 ] lhoracie duct Sterile > hours 
intact 
8 14 Fhoracie duct Sterile 1 hour 40 min 
intact 


Dog placed in Fowler's position 


Se CE IY ee 





In these experiments bacteria appeared in lymph but not in blood ; 
in the lymph, they appeared later than in the experiments in which 
teria suspended in saline were injected. One animal (experiment 5, 
e +) was placed in Fowler's position at the beginning of the experi- 


} yt 


it. There was an appreciable delay in the time of the first appear- 


Serer bie 


e of bacteria in lymph. 

In three dogs (experiments 6, 7 and 8, chart 4), the thoracic duct 

s allowed to remain intact, in order to permit the passage of bacteria 

m the lymph into the blood, and blood cultures were taken. How- 
ever, the blood was sterile. This can be explained, perhaps, by the bac- 
tericidal powers of the blood for the small number of organisms which 


iV OOS ne RII ARC 5 


entered by the way of the duct. 


(b) Quantitative-—Two experiments were performed. In one dog 


ee terrae 





(experiment 1, table 5), the injection consisted of three agar slants of a 


ae 
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twenty-four hour culture of B. coli in a 2.5 per cent suspension of gum 
tragacanth in 0.9 per cent sodium chloride solution. The blood remained 
sterile throughout the experiment. Bacteria appeared in lymph but in 
much smaller numbers than in the experiments in which B. coli sus- 
pended in saline were injected (table 3 and 5, experiment 1). 

In another dog (experiment 2, table 5), the injection consisted 
three agar slants of a twenty-four culture of B. coli in a 4 per cent 
suspension of gum tragacanth in 0.9 per cent sodium chloride soluti 
The blood remained sterile throughout the experiment, which lasted five 
hours. There was a delay in time in the first appearance of bacteria in 
the lvmph. As in the first dog (experiment 1, table 5), the number 
bacteria in lymph was small. After two hours the number decreas 
and the last two cultures were sterile. Control cultures taken bef 
the intraperitoneal injection of the organisms were sterile. 





Paste 5.—Ractertal Counts of Lymph and Blood After Intraperitoneal Inj 
f B. Coli Suspended in Gum Tragacanth 
Experiment 1 Experiment 2 
Number of Number of Bacteria per Ce. Number of Number of Bacteria per ¢ 
Minutes after - - - Minutes after - a 

Injectior Lymph Blood Injection Lymph Blood 
19 170 Sterile ) Sterile Steril 

i 380 Sterile 10 Sterile Sterile 
160 Sterile 20 Sterile Sterile 

0 Sterile Sterile 

40 Sterile Steril 
0 60 Sterile 

gO 10 Steril 

110 380 Sterile 

140 0) Steril 

170 70 Sterile 

200) Sterile Sterile 

220 10 Sterile 

270 Sterile Sterile 

300) Sterile Steril 
Necropsy.—The animals used in Part Il were permitted to reco 
after every experiment; however, they died in from four to ten hot 


after the injection. In all cases the peritoneal cavity contained from 100 
to 200 ce. of bloody fluid with flakes of fibrin. Both visceral and pari 


peritoneum were intensely hyperemic and hemorrhagic. 


COMMENT 


Since it has been demonstrated that the intraperitoneal injection 
gum tragacanth alone causes no ill effects, and that the intraperitoneal 
injection of B. coli in normal saline is followed by severe bacteremia but 
does not cause death, the question arises as to what is responsible for the 
death of the animals when B. coli suspended in gum tragacanth is 
injected intraperitoneally. To explain this, we have formulated the 
hypothesis that the intraperitoneal retention of bacteria suspended in 
gum tragacanth favors the production of toxic substances, the absorp- 
tion of which causes the death of the animal. When bacteria suspended 
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in saline are injected intraperitoneally, the production of toxin in an 
appreciable quantity is prevented by the rapid passage of the bacteria 
into the blood stream, where they are destroyed. 

he part played by the bacterial toxic substances as well as the 


influence of cellular reactions in this phenomenon are being investigated. 


SUMMARY AND CONCLUSIONS 
Both blood and lymph of normal dogs were bacteria-free whether 
the animals had been fed or had fasted. 

Following the intraperitoneal injection of B. coli suspended in 
logic sodium chloride, a large number of these organisms were 
in the lymph (thoracic duct) and a relatively smaller number 
blood. 

Dogs, with thoracic duct intact, after receiving intraperitoneal 


ions with saline suspensions of B. coli, rapidly developed a severe 


I remia but practically always survived. 

lollowing the intraperitoneal injection of B. coli suspended in 
g tragacanth, a small number of the organisms appeared in the 
(thoracic duct), but none was detected in the blood. 


When dogs with the thoracic duct intact received intraperitoneal 





ions of B. coli suspended in gum tragacanth, they did not have 
emia; yet these animals invariably died. 
Bacteremia is not responsible for the death of dogs in acute 
i peritonitis. 
Rapid passage of bacteria from the peritoneal cavity into the blood 
issociated with the recovery of the animal. 





























FROM GAUCHER’S DISEASE 
LIPOID-HISTIOCYTOSIS 





SPLEENS 


THE CHEMICAL ANALYSIS * 
WILLIAM BLOOM, M.D 
AND 
RUTH KERN, MS 


CHICAGO 


The clinical and anatomic differences between Gaucher's disease 
lipoid-histiocytosis (type Niemann) have been pointed out by Man 
baum and Downey,! Pick,? and one of us.’ The purpose of this ar 
is to report the striking differences that we have found in the chen 
analyses of spleens from these two diseases. 

AL 


MICROCHEMI(¢ ANALYSIS 


In briet, the large cells in Gaucher’s disease do not react positive! 
any of the usual staining reagents for lipoids. After mordantin 
potassium bichromate, the large cells stain diffusely blue or yelloy 


[Il. 


however, of the same degree as the cells composing the remainder o 


orange with nile blue or sudan The intensity of the col 


sections. In Niemann’s disease, on the other hand, the large cells \ 


fresh stain a rusty orange with sudan III. In formaldehyde-fixed fr 


sections of organs from Niemann’s disease, the large cells stain a 
though definite, pale orange with sudan III which becomes tinged 


the sections are counterstained with hemalum. \\ 


similarly prepared sections are treated with Weigert’s iron-hematox 


gray when 


the large cells stain an intense black. If these sections are made 
permanent mounts by passing them through absolute alcohol, the b 
cytoplasm appears distinctly vacuolated. Sections from Niemann’s 
ease after mordanting in potassium bichromate show the large cel 
be filled with various sized granules which stain a brilliant ora 
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vellow with sudan III, and a deep purple-lavender with nile blue sul- 
phate. The Niemann cells stain positively with the method of Lorraine 
Smith-Dietrich. They do not react positively for soaps by the method 
Fischler. 
Gaucher cells may contain iron diffusely throughout the cytoplasm or 
lefinite crystals, as demonstrated by the Turnbull blue method. The 
ls in Niemann’s disease, however, do not give positive microchemical 
ctions for iron. 
CHEMICAL ANALYSIS 
Che nature of the stored material in Gaucher’s disease has been the 
ject of much controversy. Brill and Mandelbaum * and Mandelbaum 
Downey ° were the first to attempt actual chemical analysis of 
icher material. Their results indicated that the stored material in 
icher’s disease was not cholesterol or one of the complex lipoids. 
ently, Epstein ® and Lieb * have obtained large amounts of a cere- 
side from spleens of patients with Gaucher's disease. Lieb has 
ited this cerebroside and found it to be kerasin. Cushing and Stout," 
recent report of two cases of Gaucher’s disease, have confirmed 
b’s observation on one of their cases. Wahl and Richardson * and 
gmund ?° have reported chemical analyses of splenic material from 
rported cases of Gaucher’s disease. We believe that the cases they 
orted were instances, not of Gaucher’s disease, but of that condition 
‘+h we have called lipoid-hystiocvtosis (type Niemann). Siegmund 
id the spleen in his case to be rich in phosphatids. 


MATERIAL AND METHODS 

Our material consisted of a formaldehyde-fixed portion of spleen 
m a patient with Gaucher’s disease; fresh and formaldehyde-fixed 
rtions of a spleen from Niemann’s disease, and a fresh portion of a 


xhtly enlarged red spleen from a young adult with bronchopneumonia. 


4. Brill, N. E., and Mandelbaum, F. S.: Large Cell Splenomegaly (Gaucher's 
sease): A Clinical and Pathological Study, Am. J. M. Sc. 146:863 (Dec 
5. Mandelbaum, F. S., and Downey, H.: The Histopathology and Biology of 


1 


Gaucher’s Disease (Large Cell Splenomegaly), Folia hemat. 20:139 (March) 


6. Epstein, E.: Beitrag zur Chemie der Gaucherschen Krankheit, Biochem. 
Ztschr. 145: 398, 1924. 
7. Lieb, H.: Cerebrosidspeicherung beie Splenomegalie, Typs Gaucher, Ztschr. 
physiol. Chem. 140: 305, 1924. 
8. Cushing, E. H., and Stout, A. P.: Gaucher’s Disease, with Report of a 
Case Showing Bone Disintegration and Joint Involvement, Arch. Surg. 12:539 
(Feb.) 1926. 


9. Wahl, H. R., and Richardson, M. L.: A Study of the Lipin Content of a 
Case of Gaucher’s Disease in an Infant, Arch. Int. Med. 17:238 (Feb.) 1916. 
10. Siegmund, H.: Lipoidzellenhyperplasie der Milz und Splenomegalie 


Gaucher, Verhandl. d. deutsch. path. Gesellsch. 18:59, 1921. 
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The material from the latter was obtained at necropsy, while the other 
two spleens were removed at operation and fixed immediately. The 
fresh portion of the spleen from the patient with Niemann’s disease 
and that of the so-called normal or control were ground by passing 
through a meat chopper shortly after removal from the body and then 
dried over a water bath. The material was further dried to constant 
weight in a vacuum desiccator. The same method of drying was applied 
to the fixed spleens. The dried powder from these spleens was then 
extracted for five days with ether in a Soxhlet. The residue was 
extracted with ethyl alcohol at 40 C. for thirty-six hours. The material 
was further extracted at boiling temperature in a fresh portion of ethy] 
alcohol for five days. The ether soluble fraction was treated with 
acetone, the resulting precipitate of phosphatids filtered off, wash« 

with acetone, and dried to constant weight in the vacuum desiccato1 
The acetone and ether were removed from the filtrate and the residue, 
containing cholesterol and fatty acids, dried to constant weight. Th¢ 


TaBLE 1.—Total Nitrogen, Phosphorus and Extractives 
Phos- Ether Aleoho!l Total 
Nitrogen, phorus, Soluble, Soluble, Extractives 
Gm. per Gm. per Gm. per Gm. per Gm. per 


100 Gm. of 100Gm.of 100Gm.of 100Gm.of 100Gm. of 
Moisture Dry Spleen Dry Spleen Dry Spleen Dry Spleen’ Dry Sple¢ 





76.7 8.968 3.974 36.425 68.841 

83.7 8.809 3.932 24.742* 50.40 

84.5 11.332 1.683 29 400 29.901 

S1.4 12.925 1.287 17.566 22.851 
* Some of this material was lost. 


two alcohol fractions were worked up separately, the alcohol bei 
removed and the residue dried to constant weight. In the analysis oi 
the materials obtained, nitrogen was determined by the Kjeldahl 
Gunning method, fatty acids by the gravimetric method, the iodin: 
number by the Hanus micromethod, phosphorus by the method of 
Briggs,’! and cholesterol ?* by the method of Bloor, Pelkan and Allen.’ 
The determinations were made in duplicate, the figures given in the 
tables being averages. 
RESULTS 

The results of the various determinations are summarized in the 
accompanying tables. These show that there was a marked difference 
in the lipoid extractives in the several spleens. In Niemann’s disease 





11. Briggs, A. P.: Some Applications of the Colorimetric Phosphate Method, 
J. Biol. Chem. 59:255 (March) 1924. 

12. Cholesterol was determined by two methods, the colorimetric method given 
above, and also by weighing the nonsaponifiable portion of the ether alcohol 
extract. The results of the two methods agreed closely. 

13. Bloor, W. R.; Pelkan, K. F., and Allen, D. M.: Determination of Fatty 
Acids (and Cholesterol) in Small Amounts of Blood Plasma, J. Biol. Chem. 52: 


191 (May) 1922. 
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combined ether and alcohol soluble fractions in the fresh spleen 
taled about 70 per cent, while in the fixed spleen they amounted to 
)per cent plus. This lower figure is in part due to the fact that some 
the material was lost, as is indicated in table 3. In Gaucher’s disease 

total lipoids amounted to 30 per cent, and in the normal fresh spleen 
v were 23 per cent of the dry spleen. The nitrogens of the dry spleen 
the Gaucher patient and of the normal person were about equal, with 
roximately 12 per cent, whereas the nitrogen of the Niemann fresh 
| fixed spleens was a little less than 9 per cent. As can be seen from 
ble 1, the Niemann spleen, however, contained about three times as 


ich phosphorus as the Gaucher or the normal. 


TABLE 2.—Ether Soluble Fraction 


Acetone Precipitate 


Nitrogen, Phosphorus, Acetone Filtrate 

Grams per Gm. per Gm. pe! — ——_—__A__— — 
100Gm. of 100Gm.of 100Gm. of Choles Fatty Todine 
Dry Spleen Dry Spleen Dry Spleen terol Acid Number 

18.210 1.108 0.502 8.308 3.462 62.4 

983 0.659 0.47 (ee 7 55.4 

448 0.180 0.051 “ 76.9 

24 0.288 0 ) $24 ) 24.2 





he acetone filtrate of the ether fraction showed that the Niemann’s 
ise material contains three and one-half times as much cholesterol 
the Gaucher and normal spleens. The cholesterol values in the 
ter two were almost identical. The acetone precipitate of the ether 
luble fraction, which can probably be figured as lecithin, showed 
proximately five times as much in the Niemann disease specimen as 
the other two. The question arises as to how much of the alcohol 
luble portion is to be counted as phosphatid. 
On the Gaucher spleen we repeated Lieb’s method for the extraction 
kerasin and have verified his conclusions. We obtained for this 
raction 7.447 Gm. per hundred grams of dried spleen. Four-tenths 
ram of the precipitate from the 40 C. alcohol fraction was dissolved 
100 ce. of alcohol. To this were added 30 cc. of cold saturated mer- 
iric chloride. This gave a colorless gelatinous precipitate, much like 
:g-white in appearance, which filled the entire solution. The precipitate 
removed by filtration was suspended in methyl alcohol and hydrogen 
ulphide was passed through the suspension. The precipitate was 
filtered off, the filtrate boiled with charcoal and filtered again. The 
filtrate when concentrated and cooled gave an almost white, gelatinous 
precipitate. Under the microscope this appeared as round crystals 
arranged radially about a nucleus. This material had a somewhat 
indefinite melting point which seemed sharpest at 178 C. On hydrolysis 
of the material for eight hours in methyl alcohol and sulphuric acid 
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under a reflux condenser, we obtained a white, crystalline material with 
a melting point of 56.7 C. This corresponds very closely to that of 
the methy] ester of lignoceric acid. We found the melting point of the 
acid when separated from the methyl ester by saponification in methy| 
alcohol to be at 76 C. This is somewhat low for lignoceric acid, but we 
had insufficient material to purify it further. 

Certainly in the case of the Gaucher material a part of the alcohol 
soluble fraction is precipitable with mercuric chloride as kerasin. [1 
Niemann’s disease, however, the amount of this fraction precipitated 
by mercuric chloride is so small that it cannot be handled. This fact 
together with the high phosphorus value of this fraction, leads us t 
the conclusion that in Niemann’s disease by far the greatest portion of 
the alcohol soluble fraction must be phosphatid. 


TaBLe 3.—Alcohol Soluble Fraction 


Aleoho! Soluble 








= pedlinctcclasasincidn anatase sinapucliainliins 
40 C. Fraction Boiling Fraction 
Aleoho] Soluble, et = 
Gn. per 100 Gm. of Nitro- Phos- Nitro- Phos 
Dry Spleen gen, phorus, gen, phorus, 
— “~————-- — Gm. per Gm. per Gm. per Gin, per 
4H) ¢ Boiling 100 Gm. of 100Gm. of 100Gm. of 100Gm.o 
Fraction Fraction Dry Spleen Dry Spleen Dry Spleen Dry Splee: 
Niemann, fresh. 25.783 10.742 1.779 0.589 1.150 
Niemann, fixed. er 17.236* 7.506 axe 0.523 
Gaucher, fixed. = 12.512 9.888 0.073¢, 0.177 See 
Control, fresh....... 6.677 10.889 ae 0.107 1.150 





* Some of this material . as lost. 

t The first lot gave the low value, which is comparable to that found in the literature f 

gnoceric acid, but a second lot gave a much higher figure 

From the foregoing analyses it appears that the stored material 1 
Gaucher's disease is constituted for the most part by kerasin, as was first 
shown by Lieb. In Niemann’s disease, in view of the high phosphorus 
values of the ether and alcohol fractions, we may conclude that th 
stored material in this condition consists of lecithin and other phos- 
phatids, to the extent of about 55 per cent of the dried spleen. There is 
an increase also in the quantity of unsaturated fatty acids present 1 
Niemann’s disease. The iodine number indicates that the spleen in this 
condition contains more unsaturated fatty acid than either the Gauche 
or the normal spleen, the iodine number of the latter being double that 
of the Niemann material. The iodine number in Gaucher’s disease is 
higher than in Niemann’s disease, but considerably lower than in the 
control material. 

The results of these analyses agree quite well with the microchemical 
study of the respective spleens, in which it was shown that none of the 
lipoid reactions is given with any degree of typicalness in Gaucher’s 
disease, while in Niemann’s disease the staining reactions are highly 
indicative of the phosphatid group. 
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SUMMARY 
\ few cases of a form of large cell splenomegaly, for which the 
ime lipoid-histiocytosis is proposed, have in the past been erroneously 
reported as examples of Gaucher's disease. The anatomic differences 
tween the two conditions have been previously published. 
The microchemical reactions of the material present in the large 
lls in lipoid-histiocytosis (Niemann’s disease) indicate that this mate- 
is lipoid in character and probably belongs to the phosphatid group. 
In Gaucher’s disease the large cells do not give any of the lipoid 
tions in typical manner. They usually give the reaction for iron. 
Chemical analyses prove the spleen of Niemann’s disease to contain 
total nitrogen than the Gaucher or the normal spleen, but a 
dedly increased amount of phosphorus. The total ether and alcohol 
ible extractives are also greatly increased in Niemann’s disease. 
lhe stored material in lipoid-histiocytosis is chiefly phosphatids, 
ably lecithin, and cholesterol. In Gaucher's disease the material is 
fly kerasin. 





CORRECTION 
paper by Drs. Koessler and Lewis, “Determination of Bonchospasm 
Guinea-Pig” (Arcu. Int. Mep. 39:163 [Feb.] 1927), the word “atrophine” 
legends tor Figs. 3, 6 and 8 should read “atropine.” 
the article by Drs. Koessler, Lewis and Walker, “Pharmacodynamic 


ns of Bacterial Poisons,” in the same tissue, on page 198 the third line 
Bact my tl t 198 the third lin 
top should be struck out, and the following should be inserted as the 
nd line in the second paragraph: “purulent exudates studied. Of thirty- 
specimens examined, only” also, the word “trymine,” in the second line 
age 213, should be “tyramine.” 








Book Reviews 


THe ArT AND PRACTICE OF MepICAL WritinG. By Georce H. Simmons, M.D., 
Editor and General Manager Emeritus, American Medical Associatio1 
and Morris Fisupetn, M.D., Editor, The Journal of the American Medical 
Association. Price, $1.50. Pp. 163. Chicago: A. M. A. Press, 1926. 


Confession is free and general that medical writing in the United States oi 
\merica is inferior to that of other cultured countries, and the relation oi 
this inferiority to faults in our method of education is equally freely recognized 
While waiting and hoping for an improvement in fundamentals, those now 
writing or about to write on medical subjects may be assured that a careful 

of this little work can prevent many errors and add much to the force 
finish of their literary productions. Even those who do not writ 

but who read medical periodicals can improve their critical sense and enlarg 
heir point of view by reading here why certain styles or methods in current 
medical literature are good and others bad. The qualifications of the author 
do not require lengthy explanation. Dr. Simmons was for many years editot! 
of the best edited medical weekly in any language, a journal that went 


rh 


< 


throu many of the disorders of literary infancy as to spelling and styl 
before it reached its present plane. Dr. Fishbein is well known as a worth 
successor in the editorial chair, and a brilliant original medical essayist. Th 
first chapter on “An Acceptable Paper,” sets forth with great accuracy and 
considerable humor the leading principles in medical composition. In the next 
one on “Style,” the hackneyed extracts familiar in the compends on the subject 


are boldly omitted, but the trenchant advice given should be of great hel 


1 
to the beginner or to the veteran, if he is not too hardened in error. 


In “The Subject and the Material,” all the varieties of medical writing art 
explained clearly. In later chapters, there is valuable advice concerning titles 
on the misuse of “case,” “temperature,” “pathology” and many other words 
on spelling, hyphens, adjective endings, capitalization, abbreviations, number 
and figures. The chapter on “Prescriptions” is brief; that on “Securing 
Bibliography” admirable, and should be put in the hands of all medical under 
graduates, while those on “Preparation of the Manuscript,’ “Illustrations,” 
“Charts and Tables” could be reread often with benefit by most writers. Equally 
practical are chapters on “Revision and Proofreading.” Supplements giving tl 
list of periodicals included in the “Cumulative Index” and “Bibliographi¢ 
Abbreviations” should be referred to by all who write or correct papers col 
taining such titles. The work is an admirable memorial to the editor emeritus 
and his lifework. 


MopERN VIEWS ON DIGESTION AND Gastric DIsEASE; MoperN Mepitcat Mono 
GRAPHS. By HuGu Mac ean, M.D., D.Sc., M.R.C.P., Professor of Medicine, 
University of London. Cloth. Price, $4. Pp. 170, with 14 charts and 23 
figures. New York: Paul B. Hoeber, 1925. 


This is but one of several small volumes on the physiology of digestion 
and the treatment of gastric disease which have appeared in the press during 
the past year or more. Perhaps this is accounted for because of the wide- 
spread prevalence of both functional and gastric disease, the great increas‘ 
in knowledge of gastric function and mechanics as a result of experimental 
investigation and the recognition of the importance of the correlation of clinical 
observations with advances in physiologic knowledge. 
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he book is written for the general practitioner; it is too short, concise and 
mentary for the student of today. Only the usual diseases are considered. 

‘erning that often discussed topic, “the medical versus surgical treatment 

ilcer,” the author states, “Surgery should never be resorted to in ulcer 

until medical treatment has failed. . . . Sometimes obvious physical 

ges may be present that could not possibly be influenced by any method 

a surgical one. In such cases, the sooner an operation is performed, 

On the other hand, I should like to emphasize the fact that no 

ulcer should be operated on until a thorough trial has been given t 

treatment. It is really surprising how excellent the result of such 

is in many of these cases, even when apparent pyloric obstruction 1s 

a such obstruction may arise from inflammatory exudation, and, 

treating the ulcer, this obstruction may disappear spontaneously.” He 

es the importance of the use of alkalis in the treatment of the majority) 
rganic and functional gastric diseases. 


NIES, SYMPATHICATONIES AND NEUROTONIES. 
14 francs. Paris: Masson et Cie, 1925. 


book is the first to appear in French whic 
hensive explanation of the terms in the title, beins 


herapeutic study of the various disturbances in the equilibrium 
| 


i 
system, especially in the sympathetic and t 


1¢ vegetative nervous 


eginning with the vagotonia of Eppinger and Hess, Guillaume points out 
is condition corresponds to the general condition classified as neuroses, 
hat the term must be limited and modified to describe the actual vagus 
as seen clinically; he shows, further, the relationship and contrast 
rue vagotonia and sympathicotonia 

e follows a precise and minute description of the conditions clinically, 
methods of examination and the morbid states following these distur- 
indicating the principal causes, such as infection, intoxication and 
logic conditions of the endocrine glands. He also indicates the therapy 
ted not only to the cause, but also toward the effects in the nervous system 
For the general practitioner the work is somewhat profound and specialized, 
careful and repeated study would help him to classify and treat many of 
asomotor and visceral symptoms, as well as psychic disturbances resulting 
them, that are so often misunderstood and diagnosed as neuroses. I 

be of decided interest and value for the specialist. 


EN Ion CoNCENTRATION. By L. Micuaetis. Authorized translation of 
second revised and enlarged German edition by W. A. PERLZWEIG. 
Pp. 299. Price, $5. Baltimore: Williams & Wilkins Company, 1926 


For a number of years this monograph written in German by Michaelis has 

a standard reference for workers in physical chemistry. The translation 
second edition should have a wide circulation among American students 

this field. The ten chapters revised by Michaelis to include the most signifi- 
recent advances are arranged in two parts. The first five chapters con- 
titute part one and deal with the chemical equilibrium of the ions as follows: 
the laws of electrolytic dissociation, the theory of the quantitative determina- 
tion of acidity and alkalinity, the dissociation of strong electrolytes, the state 
of dissociation of acids and bases during actual salt formation and electrolytic 
dissociation in nonaqueous solutions. Part two is a discussion of the ions, 
particularly the H-ions, as sources of electric potential differences, and the 
titles of these chapters are the electrode potentials, diffusion potentials, 
potentials at phase boundaries, membrane potentials, and adsorption potentials 
and electrokinetic phenomena. As stated, this book is primarily intended for 
students and workers in physical chemistry, and for these, it is invaluable. 
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DIATHERMY WITH SPECIAL REFERENCE TO PNEUMONIA. By Harry Eaton 
Stewart, M.D., Attending Specialist in Physiotherapy, U. S. Marine 
Hospital, New York. Second edition, revised and enlarged. Price, $3. 
Pp. 228. New York: Paul B. Hoeber. 

This second edition, as indicated by the title, is especially devoted to a 
discussion of the value of diathermy in pneumonia. The author’s reports 
are most interesting and apparently fairly well controlled. 

Pneumonia has been a fertile field for investigators interested in therapeutics. 
Various “cures” have appeared at frequent intervals. In reading these reports 
it was difficult or impossible to detect error in the control technic; yet tim 
has shown that there was some error as others tailed to confirm the results 

Past failures, however, while creating skepticism should not lead to the 
rejection of new methods. Stewart's report should stimulate others who have 
adequate facilities for securing controls to try diathermy. Time will tel! 
whether his results can be verified. 


TissuE CULTURI By Apert Fiscuer. Pp. 315, with 70 illustrations and 
colored plate. Price, $7.50. Copenhagen: Levin & Munsksgaard, 1925 
This monograph is a summary of the work on tissue cultures. The intr 

ductory chapters consider briefly the development of these studies. The 

follows an account of the culture medium and the preparation of cultures fo 
microscopic examination. Other chapters give methods for obtaining pur 
cultures of tissues; the use of tissue cultures for observing the effects of tl 
body fluids ; the interaction of various tissue cells in vitro and in morphogeneti: 

The final chapter considers tissue culture as a means for studying pathologi 

changes, immunity, the interaction of bacteria and tissues, cytotoxins ai 


finally tumors. 


X. CAMPBELL and M. T. Porter, Toront: 
Baltimore: Williams & Wilkins Compat 


1UIDE FOR IABETICS. y W. |} 


Cloth. Price; 


The details which are desirable for a person with diabetes to learn cau 
physicians either to follow the principles and manual of one of the leader 
in this field or to reduce their own views to mimeographed or printed fort 
Here are 131 blank pages on which the patient can make notes, alternati1 
with 131 pages of text. Four-fifths of this text deals with food; only on 
fifth with medical aspects. These are stated soundly \s between this a1 
previous guides by other reputable men, the choice y a choice of the 
1an one wishes to follow. 





Association for the advancement of scientific medicine in the United 
States and as a medium of publication for research and observation in 
the domain of internal medicine. 

Manuscripts for publication, books for review, and correspondence relating 
to the editorial management should be sent to Dr. Joseph L. Miller, Editor-in- 
Chief, 122 South Michigan Boulevard, Chicago, or to any other member of the 
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